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1 EXPLORING THE PROBLEM AND THE ANALYTICAL
CONTEXT
1.1 Introduction
Being part of Sub-Sahara Africa, Eritrea has frequently experienced fluctuating climate
resulting in recurrent and devastating droughts, however without any traceable steady
pattern (Dengefu, 1987:2). These droughts have had a considerable impact on natural
vegetation, often causing widespread famine and death of large number of livestock. The
unpredictable rainfall together with infestations by pests have been creating an agricultural
environment which is characterized by a great deal of uncertainty, particularly in the
central highlands which is the selected agro-ecological domain of this study.
In 1890 Eritrea was colonized by Italy. During this period (1890-1941) land was
expropriated from the local population by the colonial government and resources, be it
agricultural or mineral, were given through concessions to Italian citizens (Negash
1987:47). From 1893 to 1907 a total of 482,052 hectare of fertile land, pasture and forest
had been confiscated, and of these 194,807 ha. were located in the highlands. This
accounted for approximately 30 percent of the cultivable land in the highlands (Yohannes
1991:94), which today is called the central highland agro-ecological zone (CHZ) (NEMP
1995:52).
Parallel with the colonial alienation of land, a rapid increase in the population took place.
Over the past hundred years the population in Eritrea has increased by more than 10 fold
(Mengisteab 1993:112; Ghebremedin 1996:8). As the population in the highlands grew and
the alienation of land continued, the pressure on arable land in the highlands increased,
leading to changes in the way farming households used their land. The farming households
responded by 1) expanding cultivation onto marginal land located on very steep slopes
(Kibreab 1996:186), 2) reducing the length of the fallow period (Adugna et al 1995:32;
Bojo 1996:11) and 3) migrating to the hot, humid and malaria infested lowlands in search
of arable and pasture lands (Kibreab 1996:185).
The rapid population growth was not only manifested in increased pressure on arable land,
but also on the forests as a resource. The increased demand for fuel/construction wood
caused by rapid population growth combined with a growing demand for fuel wood,
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charcoal and timber by Italian owned industries, triggered off a process of deforestation in
the highlands. Even though there exist no data specifically about the extent and rate of
deforestation in the highlands, oral testimonies of knowledgeable elders in the study sites,
travelers observations1, as well as the presence of patches of ancient trees and bushes of
various species around the churches indicate a previous existence of a more dense and rich
vegetation in the central highland. As the forest cover gradually decreased, fuel wood
became scarce, which resulted in the farming households diverting from using wood to
using animal dung as their primary source of fuel. Consequently, farming households use
of dung as manure has been reduced. Studies from Ethiopia emphasize the negative impact
of using animal for cooking by estimating that levels of burning dung in the 1980's
reduced crop yields with 10-20 percent p.a. (Cambell 1995:190 citing Belshaw 1989).
The gradual removal of forest cover which used to serve as protection against the erosive
agents has accelerated the water erosion in the highlands. The torrential and erratic
distribution of rain together with the rugged and denuded topography have resulted in high
surface run off rates and low infiltration, often causing widespread damage to the
environment (Yohannes, 1991:36; NEMP 1995:40). Quantified data on soil erosion in the
highlands of Eritrea are scarce. However, FAO (1994) and NEMP (1995) cite a study from
Hamasien province (i.e. the central highlands) in the mid 1980's, which estimates the
annual soil loss rates to be between 2 and 25 tons per ha. FAO's own staff estimates the
soil loss to average at least 15 Mt. per year (1.2 mm/ha) on rain-fed agricultural land,
equivalent to at least 4.5 cm of top soil over a 50 year period, implying a yield loss of 0.2-
0.4 percent per year for crops and 0.05-0.1 percent annually for livestock (World Bank
1994:67). As the erosion increases, the land progressively shifts to less productive uses.
The soil fertility becomes exhausted which leads to decreased crop yields and decreased
nutritional composition of grazing grasses (Stahl 1990). Eventually, the land produces
neither crops nor feed for cattle. Thus, some parts of the land in central highlands are no
longer used as arable land nor as grazing area as they have transformed into bare rock.
"Today it is a governing factor of the economy of Eritrea that soil erosion has gravely impaired the
productivity of the territory, owing to the destruction of vegetation by wholesale burning in warfare and the
felling for fuel, and the failure to undertake replanting. One might drive for miles through the mountains,
seeing little bare thorn trees, but in the river bed, far down the valley may be seen a narrow strip of luxuriant
verdure - some Italian concession" (Pankhurst 1952:44). "Everyone has cut down but no one has planted.
( )/ was traveling though a country I knew every inch of, and I was sorry to see the ruin of so many happy
villages. Hamasen used to be known as the plain of a thousand villages (...) was now ruined by warfare. It
used to be well cultivated, and carried large herds and flocks of cattle, but it was now abandoned and
tenanted by a few antelope only" (Wylde 1901 cited by Pankhurst 1942:43).
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Various armed conflicts2 in the region have also damaged the environment. The long
drawn armed struggle between Eritrea and Ethiopia, which lasted from 1961 to 1991, has
had a particularly devastating effect. First, the remaining forest resources suffered as the
occupying force cut down trees for fuel wood/construction and burnt down forest for
security reasons (de Waal 1993:33; Mengisteab 1993:113). Second, a considerable number
of people from the agricultural labor force were enlisted in the Ethiopian army while others
joined the Eritrean rebel forces resulting in a neglect and poor maintenance of the land
(Mengisteab 1993:112). Third, many villages were looted and burnt down by the Ethiopian
army and the population was forced to seek refuge in other parts of the country or in
neighboring countries, thereby abandoning their farming land (de Waal 1993:33;
Megisteab 1993:113). Theoretically, abandoning of land has a positive effect on the soil
just like fallowing, however, in case of the central highlands - where people have
meticulously built terraces - lack of maintenance leads in fact to more severe erosion.3
Last but not least, the unstable conditions in general, and the insecurity surrounding land
rights in particular due to the expropriation of land, new land reforms, and warfare under
the various colonial rules have reduced the farming households interest in making (long
term) land investment.
1.2 Statement of the problem and research question
This study is concerned with land degradation in the central highlands of Eritrea. Our
concern with this topic originally arose from the claim by developing agencies both
national (MOA 1995; NEMP 1995) and international (World Bank 1994; FAO 1995; IMF
1996), that land degradation is a severe problem in highlands of Eritrea which contributes
to the food insecurity in this area. Consequently, the Ministry of Agriculture (MOA) has
made it a central development objective to increase the level of food self-sufficiency while
at the same time halting or reversing degradation (MOA 1995).
This claim was verified by the farming households in the study sites, Afdeyu and Tseada
Kristan, where we conducted our survey. The overwhelming majority of the respondents in
both villages considered land degradation to be a problem which is increasing (appendix
1), and stated explicitly that it has led to declining yields. Moreover, data from the central
2
 The Italo-Ethiopian war from 1935-36, the Italo-British war during second world war and the Ethio-Eritrean
war from 1961 to 1991
3
 E.g. Catterson (1995:16) explains how "lack of maintenance of the terrace rock walls and in particular
failure to protect the terraced area from roaming animals increases risk of erosion. Runoff accumulating
along the contour wall flows through the breaks of the rock walls with greater volume and potential for
causing erosion."
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highlands indicate that with the present level of production, farming households are only
able to fulfill food consumption needs for less than six months during the year (Toker Land
Husbandry Project (TLHP) 1997; Manczak 1996, Murtaza 1998:131).
Apparently, there seems to be a broad agreement among both national government
agencies, international development institutions as well as the local population, that land
degradation is a severe problem in the central highlands of Eritrea.
Generally, the dominating assumption has been that poor people in Africa per se degrade
the environment (e.g. WCED 1987, UNEP 1995, World Bank 1992). As such, small scale
farmers in the central highlands of Eritrea have also been blamed for degrading the
environment and thereby reducing the capability of the land to produce crops - however
often without any, or sufficient, evidence to support this claim. Statements such as those by
Ghebremedin and Hoben below illustrate the narrative concerning the role of poor small
holders in degrading and reducing the productive capability of the land in the highlands of
Eritrea and Ethiopia4 respectively.
"The social and economic institutions in the agricultural sector are those of non-growing,
non-changing economy. Over the year they have evolved rather to cope with poverty than
to facilitate growth and development ( ) Inadequate technology is a major reason why
currently cultivated land produces so low yields (...). It (i.e. farming) has remained at the
lowest level of production using the most rudimentary farming techniques'^ ) "(...)
ecological deterioration due to the progressive shortening of fallow periods, clearing and
cultivation of all but the most precipitous slopes, almost total removal of vegetative cover
and the degradation of soil structure and fertility due to loss of organic matter following
prolonged nearly continuos cropping "
(Ghebremedin 1996: 126 pp.)
4
 The highlands of Eritrea and Ethiopia have similar agro-ecological, production system and both areas suffer
from deforestation and erosion.
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" Long ago when there were fewer people in Ethiopia, indigenous farming systems and
technology enabled them to make a living without seriously depleting their natural
resources. Over the present century, human and animal population have grown.
Indigenous farming systems have been unable to keep up. Population has exceeded
carrying capacity, causing ever increasing and perhaps irreversible environmental
damage. Only a massive investment in environmental reclamation can reverse this process.
Poor people are unable to make this investment without outside assistance because they
are too poor to forego the future income or to provide for their children"
(Hoben 1995: 1013)
However, during the past decade the general applicability of this poverty-degradation
narrative has been questioned, because evidences suggest that the poor small scale farmers
in Africa do not necessarily degrade their environment - which we will discuss further in
section 1.4.2. Considering these evidences, we find it interesting to discuss the role of
poverty in relation to the environment in the central highlands of Eritrea which is generally
considered to be one of the most degraded areas of the country. This leads us to the
following research question:
* How is farming households' engagement in soil maintenance practices on arable
land, or lack of such, related to resource poverty?
Our aim with the research question is to understand the relationship between poverty and
land degradation in the central highlands of Eritrea by investigating under which
circumstances households degrade or improve the soil. Poverty is understood as lack of
access to key resources. Key resources are understood as the basic means of production
which households have to have access to in order to carry out the different practices and
activities households engage in. Here, we take a farming systems approach which
categorize resources into land, labor and capital (Maxwell 1984:14; Ruthenberg 1980:2).
We are conscious of the fact that households' engagement in soil maintenance practices is
not only a reflection of their access to key resources, but it is also influenced by other
factors such as the ability to convert assets/products into the required resources on the
market, opportunity costs5, knowledge, as well as individual priority/preference and
5
 A "opportunity cost" is the benefit from B foregone by doing A (Reardon 1989:54)
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cultural/traditional values. However, these aspects lie outside the scope of our study which
is concerned with the relationship between poverty and practices that maintain the soil.
Based on the poverty-degradation narrative, we formulate the following hypotheses which
we will attempt to test.
1) Households with less oxen have less access to key resources, thus they are less
engaged in soil maintenance practices.
2) Female headed households have less access to key resources, thus they are less
engaged in soil maintenance practices.
3) Households with less access to hey resources, have less access to animal dung as
manure, thereby they contribute to the degradation of their arable land.
Research hypotheses 1 and 2 are discussed with a focus on the general relationship
between resource poverty and soil maintenance practices such as manuring, crop rotation,
terracing, stone diversion, contour plowing, tree planting and recently6 by applying
commercial fertilizer. We investigate research hypothesis 1 and 2 by analyzing 1) whether
the mean number of soil maintenance practices is a reflection of the households resource
stratification and 2) whether the percentage of households that engage in particular soil
maintenance practices is less among households with less access to key resources.
Research hypothesis 3 is discussed by focusing on households' use of animal dung,
because excreta used as manure have the potential to play a central role in recycling vital
plant nutrients and soil organic matter (SOM) in low input farming systems, thereby
counteracting soil degradation. However, in the central highlands of Eritrea, farming
households' ability to use animal dung as manure is a trade-off against farming
households' need for cooking fuel. With this in mind, we explore how households' use of
animal dung is influenced by their level of resource poverty and how their use of animal
6
 Under the colonization and during the armed conflict with Ethiopia agricultural extension services were
extremely scarce and modern inputs were virtually unknown in Eritrea. Since the liberation in 1991 the
government has introduced commercial fertilizer and pesticides at subsidized prices and has launched
enormous efforts to make the extension services more efficient (fieldwork 1997).
6
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dung as fuel limits their access to animal dung as manure, thereby also their ability to
maintain the productive capability of the land.
In order to carry out our analysis, we need a conceptual understanding of poverty in
relation to the environment. Using the often assumed causal relationship between poverty
and degradation as a analytical point of departure, we identify and discuss 3 major
assumptions (section 1.4.1) around which it is built. We review selected poverty concepts.
To operationalize poverty, we look at the key resources which form the basis of the
production system in the central highlands, thereby taking a farming systems approach.
Assuming that oxen are a crucial resource within the production system, we use ownership
of oxen as a central indicator of relative poverty in the central highlands. Access to other
key resources such as land, labor and capital, in the form of livestock, are analyzed in
relation to the ownership of oxen, thereby validating our choice of oxen as an instrument
for socio-economic stratification.
We also look at poverty among gender head of households because we assume that there is
a direct linkage between female headed households, limited resource access, and lack of
investments in soil maintenance practices. In the central highlands of Eritrea, female
headed households' access to land7 and to labor8 is not a reflection of the number of oxen
they own, hence we need gender analysis as complimentary tool to elucidate distribution of
and access to key resources among households in the study sites.
Our empirical analysis is a comparative study of two villages which have the same
production system. However, as the villages differ with regards to topography and degree
of erosion exposure, we anticipate that households level of engagement in soil
conservation practices also differ. By choosing villages with different topography, we get a
more representative picture of central highlands than by analyzing villages with similar
topography or just one village.
7
 Regardless of how many oxen female headed households own, they traditionally get a smaller share (1/2) of
arable land than male headed households (fieldwork 1997).
8
 The traditional division of labor does not allow women to plow which makes them dependent on other
households' male labor (fieldwork 1997)
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1.3 Central concepts and definitions
1.3.1 Land degradation
The word degradation comes from Latin and means reduction to lower 'rank' (Blaikie &
Brookfield 1987:4). Given the many factors which may be responsible for land
degradation, it is difficult to find a precise definition. The term degradation is perceptual
(Blaikie & Brookfield 1987:4), and it is defined in various ways depending on the
particular use of the resource. People that use a given land for one purpose can create
degradation for an other use. In the eyes of a herder or a hunter the replacement of
woodland by savanna may not be perceived as degradation, because this would enhance
the availability of forage resources to wild animals or livestock, whereas the forestry
department probably will view it as degradation.
The problem of degradation is inseparably linked with sustainable land management.
According to Blaikie and Brookfield (1987:10), a resource is sustainable or susceptible to
degradation depending on its resilience or sensitivity to degradation. Sensitivity refers to
the degree to which a given land system undergoes changes due to natural forces,
following human interference. While resilience refers to the ability of a resource to
recover to its previous or similar condition when it has been subjected to conditions that
affect its intrinsic properties, e.g. human interference (Blaikie & Brookfield 1987:10).
grading processes and \ / Natural reproduction and
jNet degradation = ( human interference ) — ( restorative measures
(Blaikie and Brookfield 1987:7)
On the one hand, this equation implies that the loss of capability is a result of natural
processes and human interference and, on the other hand, that restoration of capability is a
result of natural processes and human interference in the form of restorative or
conservation measures.
While Blaikie and Brookfield view natural degrading processes as a parameter attributer to
land degradation, others define land degradation exclusively as a result of human activities.
Johnson & Lewis (1995:2) argue that the definition of land degradation has two important
aspects upon which there is general agreement. When referring to an area as degraded,
8
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there must first be substantial deterioration in the biological productivity of a land system;
and second the deterioration is a result of human activities rather than natural events.
Therefore, a degrading process by natural phenomena such as geological erosion and
climatic changes e.g. drought as well as natural hazards such as earthquakes, volcanic
eruptions and flooding - unless exacerbated by human activities - lie outside the realm of
land degradation, even though land may become less productive biologically due to these
events.
Blaikie & Brookfield (1987:6) define land degradation as a "reduction in the capability of
land to satisfy a particular use." In other words, degradation is defined socially i.e. in
relation to the particular use of the land at a given time and space. The particular use which
we are referring to, in this study, is the capability of the soil to produce crops in the central
highlands in the 1990's. Thus, we define land degradation as a reduced capability of the
land to produce crops and thereby a reduced ability to satisfy the food consumption needs
of the farming households.
In this study, we focus exclusively on human activities, not because we perceive natural
parameters such as climatic changes as unimportant, but because it is beyond the scope of
our study. We are aware of the fact that there are many factors which may have impact on
the deterioration of the productive capability of the soil, however, we look at land
degradation from the viewpoint of farming households soil management. We consider
practices that on the one hand reduce the productive capability of the soil by depleting
plant nutrients and soil organic matter; and on the other hand, soil maintenance practices
that have the potential to counteract soil degradation such as fallowing, crop rotation,
manuring, applying commercial fertilizer, tree planting and terracing.
1.3.2 Risk and diversification
Researchers concerned with ecology and sustainable agriculture are increasingly focusing
on the complex ways in which the farming households interact with their environment. The
conditions under which farming households in much of Sub-Sahara Africa produce are
characterized by uncertainty and risk.9 To the extent that human induced and natural
Some distinguish between risks as situations where the probability of future events are known and
uncertainties as conditions under which the probability of future events are unknown. We find this distinction
blurred as all events are fundamentally uncertain, particularly where human agency is involved.
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environmental changes are unpredictable, the pursuit of livelihood entails a substantial
degree of risk.
The uncertainty and risk confronting farming households may be divided into three groups:
uncertainty of the natural environment, market fluctuations and social instability.10 The
uncertain natural environment is often referred to as the impact of variations in climate and
attacks from pests and diseases on agricultural production. In response to these
uncertainties, fanning households have developed a range of production strategies aimed at
minimizing environmental risks. For example, in response to the erratic rainfall farming
households in the highlands of Eritrea and Ethiopia store and use of a large number of crop
varieties which enables them to adjust their sowing plans quickly according to changes in
the weather, thereby reducing risks (Rahmato 1991:86). Likewise, the widely used inter-
cropping of barley and wheat locally called Hanfes supposedly reduces the risks of pests
attacks (Murtaza 1998:34). Moreover, the traditional land tenure system in highlands,
Diesa, where every household gets land from each indigenous soil fertility category serves
as a source of diversification against natural hazards (i.e. risks) which may occur at
different intensities across the village. Manus (1995:124) argues that fragmentation of land
holdings into different plots is a rational way of coping with a uncertain agro-ecological
environment because it reduces vulnerability to erratic rainfall, fires and/or pests - even
though it, from a narrow economical perspective, is often considered irrational due to the
large transaction costs.
It is common throughout Africa that markets are characterized by a great deal of
uncertainty both with regards to a steady supply of inputs and the prices of outputs. Thus, it
has been pointed out that farming household deliberately avoid total dependency on
markets i.e. that the majority of their production goes towards subsistence consumption,
and that they continue to use low-input production methods.
Social uncertainty includes the insecure control over resources within the farming
community. Many African countries have undergone turbulent changes when it comes to
land tenure. This is also true in the case of Eritrea, where the expropriation of land by the
10
 Natural and social uncertainties may be inter-linked and overlapped. For example: insecurity of land may
be a disincentive for farmers to plant trees and lack of trees may affect the rainfall pattern in that particular
area (Westerby 1989:28)
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colonial governments, introduction of new land reforms, and last, but not least the armed
conflict have influenced the degree of land/tree security.
An increasing amount of literature suggest that in response to uncertainties and risk which
characterize farming in many areas in Sub-Sahara Africa, people seek to diversify their
activities (Davies 1996; Rahmato 1991; Hussein & Nelson 1997; Scoones 1996 & 1997).
The purpose of this diversification is to minimize risk by decreasing the dependency on
one single factor. Berry (1980 cited in Hussein & Nelson 1998:13) explains the link
between risk and diversification in African agriculture:
"... diversification of income-earning activities is a key factor because farming in Africa is
usually so risky: crop yields are subject to the uncertainties of rainfall and input supply
and farming incomes are subject to the uncertainties of both yields and prices. "
According to Chambers (1983:159-160), rural households are not wed to a particular set of
activities or techniques but rather seek a combination of them which will ensure a
"sustainable livelihood". In fact, diversification is so widespread that there seems to be a
growing consensus that instead of the conventional focus on farming in rural Africa, it may
be more relevant to speak of livelihoods."
Diversification via non-agricultural means is often a very important response to the
uncertainties and risks which characterize farming in a semi-arid environment. The critical
importance of non-agricultural activities in rural Africa has been emphasized by several
empirical studies (e.g. Bryceson 1996; Haggblade et al 1989; Reardon 1997). In the view
of the ever-present threat of drought and pest attacks, secondary or non-farm activities play
a critical role in the central highlands of Eritrea. During the liberation struggle the role of
remittances from relatives abroad has been stressed however the relative importance of this
non-farm income source has declined since independence.12 A recent study by Cliffe &
Rock (1996:14) based on a sample of 650 villages throughout Eritrea suggests that the
amount of income at household level derived from wages & casual labor and
business/trade is just as important as the amount of income from sales of agricultural
produce. The relative importance of non-farm activities in general and the inability to
" The sustainable livelihood research program at Sussex University is a recent example of a shift in academic
focus from farming to the wider concept of livelihood.
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produce enough to cover own food consumption needs in particular suggest that risk
minimization through diversification is an important priority of the people in the central
highlands of Eritrea.
Considering the uncertainty which characterizes the farming in the central highlands and
the limited quantity and quality of land, it is likely that farming households cannot
afford/risk to spend their entire labor and investment reserves on agriculture. For instance,
evidence from Sahel suggests that as rainfall become increasingly more stable and
predictable people can afford to start investing their labor and capital in land. Following
this line of thinking, investment in land may be too risky, unless the agricultural
environment can be controlled (Benjaminsen 1998:10).
When the agricultural environment cannot be controlled, it may well be the priority of the
households to diversify away from farming. Households may want to maximize present
earnings in cropping, and invest the surplus in livestock and off-farm enterprises (Reardon
1989:53). Income form these two sources might not be invested in cropping, but instead it
might be used to diversify further thereby changing instability into stability to secure
livelihoods.
In this respect, we might ask ourselves whether the diversification is good or bad for the
environment? Does non-farm income contribute towards investments which have a
positive effect on the agricultural environment (and maybe also on production yields) such
as organic/commercial fertilizer and terracing? Empirical evidence indicates that in some
cases it does and in others it doesn't. For example, non-farm income may reduce pressure
on arable land by providing cash to buy food, or it may be used to invest in livestock
beyond the range and capacity of the available grazing land thus degrading the resource
base.
1.3.3 The farming systems approach
We include a discussion of farming systems because it is a methodological approach which
allows us to study households' access to key resources and at the same time explore their
engagement in soil maintenance practices.
12
 But it is likely that since the border conflict with Ethiopia started in May 1998, the importance of
remittance from family abroad again has increased among the population in Eritrea.
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The concept farming system refers to a particular arrangement of farming enterprises13 (e.g.
cropping, livestock keeping) that are managed in response to the physical, biological and
socio-economic setting14 and in accordance with the farming households goals, preferences
and resources (Shaner et al 1980:16). As such, farming systems are dynamic i.e. they
change over time in response to changes in the factors mentioned above (Maxwell
1984:6).15 Individual farms that have enterprises which are arranged in similar ways are
said to belong to the same farming system (Ruthenberg 1980:3). Several farming systems
may exist at the same time in the same area. Farming systems often vary greatly in terms of
productivity and efficiency of using land, labor and capital, as well as in their effect on the
environment. Although farms within a given farming system resemble each other, each
individual farm has different physical, biological and human characteristics. Thus, each
farm constitutes a unique farm system (Reijntjes et al 1992:25). In other words, a farming
system refers to several farm systems which show more commonality with each other than
with farms in other farming systems (Shaner et al 1980:16).
Maxwell (1984:14) defines a farm as a system which consists " (...) of resources (land,
labor, capital) which are used in different activities (crops, livestock, off-farm) that
produce a flow of outputs (food, raw materials, cash)."
Within the farming systems approach resources are usually defined as land, labor and
capital (Ruthenberg 1980:2, Shaner et al 1980:65-67).16 Land refers both to land held by
the individual household as well as land resources held in common with others such as
A farm enterprise is a component of a farm system which creates a product which can be used/consumed or
sold
14
 The physical environment typically includes climate, soil type and topography and determines what can be
produced in a farming system and when. Man made physical infrastructure such as roads, irrigation and
drainage as they affect land quality, production possibilities, market access and price. Weeds, pest and
diseases are biological factors which influence the choice of enterprise(s), the type of production system
adopted and the yield obtained. Socio-economic determinants affect the resources held by the farm, the
activities open to farms and the margin earned from each. Common socio-economic determinants include a
wide range of issues such as population growth, tenure arrangements, inheritance systems, division of labor,
community norms & customs, market access & prices, credit systems, technology, input supply & extension
as well as off-farm opportunities and social infrastructure (Maxwell 1984: 9-10; Shaner 1980:64).
15
 Farming systems research has from a methodological point often been criticized for not being able to
capture the dynamic nature of farming systems because it does not consider whether the particular
classification of a specific system is still representative in 10 or 15 years and whether the identified
characteristics remain stable (Maxwell 1984:6; Ravnborg 1996:21)
16
 Shaner et al (1981:66) also include management as a central resource. He defines management as the skill
with which households organize and carry out the fanning tasks and stresses that it determines the efficiency
with which households use its land, labor and capital. However the fact that they give no explicit guidelines
as how to study management as a resource, indicates that their methodology is not sufficiently developed.
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pasture land and forests (Reijntjes et al 1992:25). Labor is primarily understood as
household members capable of working, and capital refers to physical and financial assets.
A farming systems approach aims at describing the quantity and quality of land, labor and
capital used in farming. There is no common agreement as to which specific aspects within
each resource category to include in a farming systems analysis because it depends on the
context and the purpose of the research.17
In many countries in Sub-Saharan Africa, land and labor constitute the basic means of
production which most households have access to. It is only within the last century that
some people have begun to cultivate land using animal traction. However, the highlands of
Eritrea and Ethiopia are the most notable exceptions (Pingali et al 1987:71-72). Here
animal traction has been an integral component of the farming system for centuries. In fact,
cave paintings from two sites in Eritrea dating all the way back to the first millenium BC
depict two oxen pulling long-beam plows (McCann 1995:39). Today, Eritrean small
holders still plow with the traditional Mahresha pulled by a pair of oxen using a similar
technology which their parents and ancestors used. The ancient history of ox-traction
suggests that besides land and labor, oxen have also been a central means of production in
the highlands of Eritrea during the past many centuries.
While some studies of farming systems focus on either crop or livestock production and
the activities related to each sub-system, there has been an increasing tendency to study
both as interactive components of a mixed farming system (e.g. Mortimore & Turner 1993;
Bayer & Waters-Bayer 1989; Mclntire et al 1992). As in most settled small holder farming
systems in Africa, livestock also constitute a considerable component of the fanning
system in the central highlands of Eritrea. In many ways, livestock and crop production
function as complementary elements within the farming system. The interactions between
crops and livestock are particularly relevant to our study, because we among other discuss
the availability and recycling of soil nutrients and soil organic matter (SOM) through
animal manure.
17
 However, Shaner et al (1981:65-66) suggest a list of factors which may be useful to consider. 1) Land: size
of holding, ownership/tenancy, permanency, soil quality, terrain, water availability location i.e.. access to
markets and other services etc. 2) Labor, number/age/sex, health/education, the division of labor, division
between farm and off farm income, cooperative efforts in the terms of obligation as well as help from others.
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According to Mclntire et al (1992:47), a common assumption is that draft animals are the
centerpiece of crop-livestock interaction in mixed farming systems in Africa. However,
empirical findings from a number of African countries does not support this assumption. In
fact, they stress that animal traction cannot be associated with particular soil maintenance
practices or animal feeding methods. For instance, while manuring is common among hand
hoe cultivating farmers in the East African highlands, manuring is not practiced in some
areas of the Ethiopian highlands where farmers have used draft-oxen for centuries.
1.4 Analytical framework
In the analytical framework, we explore linkages between poverty and the environment by
discussing the major assumptions around which the poverty-degradation hypothesis is
built. Further, we derive central indicators of poverty in the central highlands of Eritrea
through an aggregated conceptual discussion of poverty.
1.4.1 The poverty-degradation hypothesis
Both poverty and environmental degradation have been increasing in many low income
countries, thus the linkages between the two have become a major concern in the
development debate over the past decade. The preoccupation with the poverty-environment
relations has emerged from two camps. One camp is concerned with the importance of the
state of the environment in determining the magnitude of poverty (poverty studies) and
view the poor as victims of environmental degradation.18 The other camp is concerned with
the active role of poor people in natural resource degradation (environmentalist). In the
following, we will discuss the environmentalist approach because it is concerned with how
poverty has negative impact on the environment and therefore may be viewed as a
representative of the poverty-degradation narrative.
The Brundtland Report (WCED 1987) was among the first to focus on poverty as a major
cause to environmental degradation, a trend which has been followed by some of the major
development institutions (e.g. UNDP 1995; World Bank 1992).
3) Capital: tools and equipment, buildings and improvements to land, livestock/other assets capable of being
sold, cash from crops, livestock and non-farm sources and access to credit.
18
 E.g. according to Mink (1993) the poor often live in areas where the environment is vulnerable or degraded
with great risk for health and income generation. Being poor makes it difficult to minimize these
environmental risks or invest in alleviating the causes.
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"Those who are poor and hungry will often destroy their immediate environment in order
to survive. They will cut down forest, their livestock will overgraze grasslands; they will
overuse marginal land(....)The cumulative effect of these changes is so far reaching as to
make poverty in itself a major global source."
(WCED 1987:28)
Similarly, Durning from the World Watch Institute (1989b) describes very vividly how
poverty drives people into exploitation of natural resources which then reduces the
potential of their resource base which again pushes them further into poverty.
".. poverty can drive ecological deterioration when desperate people overexploit their
resource base, sacrificing the future to salvage the present.(...) Environmental decline in
turn perpetuates poverty as degraded ecosystems offer diminishing yields to their poor
inhabitants. A self-feeding spiral of economic deprivation and ecological degradation
takes hold"
(Durning 1989b:40)
Based on the citations above and the narratives quoted earlier in this chapter, we have
identified three main assumptions around which the poverty-degradation narrative often is
built:
1. The poor are seen as active agents of environmental degradation, thereby implying
fairly negative and deterministic relationship between the two.
2. The poor are characterized by a short time horizon. The poor struggle on the edge of
subsistence. Consequently, they are often preoccupied with day to day survival, thus they
rate future needs lower than the present ones. Being forced to overexploit their immediate
surroundings, poor people cannot in their present state practice sustainable development
which in the Brundtland report is defined as "(.-) development that meets the needs of the
present without compromising the ability of future generations to meet their own needs.'1''
(WCED 1987:43)
3. Economic growth is needed to break the poverty-environment downward spiral because
economic growth will reduce poverty and therefore enhance environmental conservation.
16
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1.4.2 Questioning the assumptions
Assumption 1
An increasing number of anthropological/historical studies have documented cases from
Africa where poor people have acted as environmental sustainers (e.g. Fairhead & Leach
1994; Leach & Mearns 1996; Benjaminsen 1998) or even as environmental activists (e.g.
Broad 1996; Dankelman & Davidson 1988, Shiva 1989, Durning 1989a). Such findings
suggest that poor people have greater incentive and thus are willing to go to great lengths
to protect and sustain their natural resources because they are more dependent on the
natural resource base for their immediate survival. Especially, 'indigenous people' living
on a minimum subsistence level in intimate contact with nature have been emphasized as
ecological sound because they use the natural resource base in a more diversified way.
Likewise, Angelsen (1997: 137) proposes that poor people may put less pressure on the
environment because their livelihood strategy is more diversified due to risk aversion and
lack of market integration than for example farmers who practice large scale commercial
mono-cropping.
Assumption 2
Blaikie & Brookfield (1987:43) suggest that the activities of poor farmers may rise out of a
rationale formed by both long and short time horizons. They use the following example
from Nepal:
All farmers (...) are willing to experience temporary loss, even of long duration, in order
to reduce risk of greater loss. Thus farmers may cut off "knet"19 land and use it as a lower
yielding terrace (...) On the other hand, loss temporary terraces are sometimes made on
the "pakho " land in order to obtain a little extra production at extreme risk.
(Blaikie & Brookfield 1987:43)
We find that the characterization of the poor as always being short sighted and thereby
degraders of the environment needs to be modified. Implicitly, this view suggests that the
rich has a longer time horizon than the poor. We suggest that it may be more appropriate to
say that the rich are in better position to afford a longer time horizon, however this does
not necessarily mean they will behave so. For example, empirical evidence both from the
developed and developing world has proved that big multinational chemical concerns or
' Knet is irrigated land and pakho is terraced or un-terraced outfield (Blaikie & Brookfield 1987:40)
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large scale commercial fanners who's immediate survival is not threatened and who
supposedly should be able to afford a long time sustainable perspective, often choose a
short time profit maximizing strategy thus neglecting the environment. In this connection,
it is important to emphasize that other factors such as the prevalence of externalities in fact
also influence resource utilization. The consequences or cost of depleting or polluting a
natural resource may not be felt by the resource user. Sedimentation of reservoirs or
irrigation channels caused by logging companies and Shell's pollution of large areas in
Nigeria by crude oil are illustrative examples of externalities.
Assumption 3
The idea that higher income in itself will lead to more environmentally sound behavior has
also been questioned. Angelsen (1997:142) suggests that higher income in fact may lead to
investments which have a negative effect on the environment by increasing the capability
to exploit the resource. For example, in pastoral communities where livestock is a major
object for accumulating wealth, the potential for overgrazing is proportional to herd size.
As poor households cannot afford to own many animals, they cause less pressure on
grazing land and conversely rich households with many animals increase the
environmental stress. Angelsen (1997:151) concludes that higher income can have both
positive or negative effects on the environment. He lists two situations in which higher
income has positive outcomes on agriculture: 1) when purchased inputs can be used as a
direct substitute for natural resources i.e. commercial fertilizer and 2) when economic
growth is associated with off-farm income opportunities that reduce the pressure on for
example migration to marginal agricultural lands and the forest frontier.
From a wider perspective, Vilby (1991) has emphasized that the contribution of the
developed/high income countries to degradation of the environment through pollution is
much greater than the developing/low income countries, thus challenging the idea that
higher income leads to more environmentally sound behavior. The higher income per
capita means more production and consumption which, ceteris paribus, leads to more use
of the natural resources as inputs in the industrial production and more pollution from
production and consumption, and without sufficient countermeasures it leads to
degradation of the environment.
We find it important to emphasize that there is no guarantee that poor people will use
increased income to invest in soil maintenance. For example, poor households may choose
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to invest surplus income in the children's schooling while continuing to overexploit land.
By investing in schooling, the parents increase their children's possibility of becoming
independent of agriculture in future - which the parents consider a dead end. In fact, this
may be a very rational choice from the parents' side as they are often dependant on their
children during their old age.
What we have learned from the discussion of the three assumptions is that poverty does not
necessarily cause environmental degradation, it depends on the context. There is however
no doubt that in some situations the immediate survival needs leave little room for the
consideration of long term environmental effects. Angelsen (1996:136) argues that when it
is a matter of day to day survival "Environmental thinking starts after breakfast and with
no or insufficient meals there will be little environmental thinking". We suggest the
poverty-degradation narrative may indeed become valid in situations when the poor
become poorer and their basic means of production are threatened/lost and their livelihood
strategies are disrupted such as during drought or armed conflict. For instance, in extreme
situations where crop harvest fails due to drought and armed conflict hinders the
distribution of food aid and limits the migration activity, households may divert to survival
strategies which harm the environment, such as cutting and selling fresh wood in order to
buy food.
1.4.3 Conceptualizing poverty
In relation to the conventional poverty-degradation narrative, we might ask ourselves how
poverty is understood? In order to give poverty an operational function, we need a
definition that allows us to desegregate the concept of poverty into component parts.
The approach to poverty in the poverty-degradation narrative is indirect. As we described
earlier, one of the assumptions around which the poverty-degradation hypothesis is built, is
the idea that economic growth will reduce poverty, which in turn will better the
environment. This understanding implies a concern with minimum flow of real income per
head which is often expressed through poverty lines. A poverty line refers to a minimum
income to attain a minimum caloric intake depending on age group, sex and activity - a so-
called consumption approach.20 However, research has pointed out several weaknesses in
20
 According to the World Bank (1994:148), developing a national poverty line for Eritrea is problematic
because of the large cultural and economic variations within a small territory. Thus it is difficult to compare
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the consumption approach. Some weaknesses are related to measurement, while others are
of conceptual nature.
* Problems of measurement', some scholars have questioned how to define/determine
what a nutritionally adequate diet consists of while others focus on the negligence of
dependent factors such as climate, body weight and individual variation, adoption of
nutritional intake and stress. Other arguments stress the accuracy problems related to
quantifying income such as underestimation due to difficulties in measuring informal
income, remittances and claims as well as variation due to family size, seasonality
and indexing inflation (Greenley 1994:54-55).
* Conceptual problems: The consumption approach has also been criticized as a
method to measure poverty, because of its narrow focus on food as the only
indicator of poverty. UNDP has in response to these criticisms developed the
Human Development Index (HDI) which is composed of three indicators: life
expectancy, educational attainment and weighted income.21 Some authors still argue
that HDI is largely determined by "objective" needs and a broader definition
encompassing subjective and context specific needs is necessary. This critique is
based on the recognition that local people have a better understanding of what
poverty entails in their specific context (Ravnborg & Sano 1994:12-13). This
implies developing context determined poverty criteria on the basis of what the
local population consider an appropriate income level, a so called participatory
approach. There is also growing awareness that poverty should not only be
understood as quantitative measurements but also include qualitative
aspects/indicators. Lipton (1988:46), for instance, argues that there are notably
qualitative differences between the moderately poor and the ultra poor particularly
in terms of demographic and labor market characteristics.
The most relevant critique from our point of view is that the consumption approach cannot
sufficiently describe the relationship between poverty and land degradation or
improvements, because food/income in itself cannot be regarded as the only prerequisite to
carry out land maintenance practices (Leach & Mearns 1992; Reardon & Vosti 1994).
population sub-groups without several specific poverty lines. In the 1997 issue of the World Development
Report Eritrea is not listed.
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We consider poverty as a concept which must be defined in relation to one or more specific
unfulfilled needs. As such, the nutritional aspect though crucial, is only one facet of
poverty. Poverty may be expressed in many different ways. Our point of entry is that
poverty must be defined contextually. This implies an understanding of poverty which
starts with the local people and the resources which are central to securing their livelihood.
We focus on crop production which is one aspect of livelihood in the central highlands of
Eritrea, and the resources which are necessary to carry out this production, in particular the
soil maintenance practices. Which resources are central for crop production and
maintaining the productive capability of the soil?
Labor
Labor is essential to work the land and carry out the different activities/practices. Many of
the activities related to agriculture in the central highlands are very labor intensive such as
weeding, harvesting, building/maintenance of terraces as well as collection and dispersion
of manure. Households access to labor may in short term affect how much they harvest,
and in the long term their ability to maintain the capability of the soil to produce crops.
Land
In order to practice farming at all, access to land is a prerequisite. The long history of
cultivation as well as the complex rules and norms related to land tenure in the highlands
suggest that land is and has been central resource. SOS-Sahel (1994:13) cites a British
historian in the 1940's for pointing out that the attachment of the people to their land in the
highlands of Eritrea is unprecedented in Africa. Land rights are sensitive and seriously
defended. It is the foundation on which the social and power structure of the rural
communities is based (Peretti 1996:10).
Capital
In this study, we consider two major forms of capital: livestock and non-farm income. The
fact that even in non-war years households in the highlands do not produce enough stable
grains to last themselves throughout the year (Bondestram et al 1988:62) indicates that a
range of other activities are followed in order to subsist. In the case of the highlands,
livestock and non farm activities are especially important.
21
 In 1997 Eritrea ranked among the poorest 5 percent of the countries listed in the Human Development
Index (HDI) with a HDI value considerable below the average for Sub-Saharan Africa.
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Livestock plays an important role in the production system in the study sites. In the plow
based agriculture of the central highlands, access to oxen is as crucial as having land.
Besides oxen as draft animals, livestock is utilized to 1) thresh grain, transport fuel wood,
water, harvest etc., 2) produce dung which is used as soil fertilizer, household fuel or for
other domestic purposes such as building material, 3) produce meat, milk, eggs, hides etc.
which may be sold or consumed, 4) as a sort of investment object which may be rented out
or sold to generate income or gain access to extra crops or labor.
We assume that lack of access to one or more of these resources (i.e. labor, land, capital)
may limit the households ability to carry out soil maintenance practices.22 When labor is
the limiting factor,23 households' engagement in toilsome soil maintenance practices may
be constrained. When land is the limiting factor of production, households may reject soil
maintenance practices which compete with crop production for land such as fanya juu and
double ditch terraces, as well as tree planting. Lack of financial or exchangeable capital
such as small-stock may rule out soil maintenance options which require cash expenditures
such as purchase of commercial fertilizer, whereas lack of livestock may reduce the ability
to use manure.
Based on the discussion above, we include labor, land and capital as key resources. In
chapter 2, we will discuss their value to stratify households by socio-economic standing in
the context of the central highlands.
1.5 Structure of the report
In chapter 2, we will discuss methodology and data collection. We briefly argue for our
choice of study sites and our decision to make comparative analysis primarily based on
quantitative data collection. We identify the household as our unit of analysis and justify
our stratification of households by oxen. Following this, we explain how we collected data
in the field and discuss possible biases and sources of error. Finally, we consider the
limitations and evaluate the research approach which we have used.
22
 Studies from a number of Sub-Saharan countries have indicated that households with more labor, land
livestock and off-farm income are able to use greater quantities and a wider variety of nutrient sources than
poorer households (Tropical Soil Biology and Fertility Program (TSBF) 1998:59).
23
 E.g. due to old age or handicap but also engagement in off-farm opportunities.
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Chapter 3 is a presentation of the two study sites. Being a comparative study, we focus on
differences and similarities between Afdeyu and Tseada Kristan. By looking at the
physical and socio-economic settings, the farming system and as well as the relative
importance of non-farm income, we draw a picture of the environment in which
households make decisions regarding agricultural production such as the extent to which it
they engage in soil maintenance practices.
Chapter 4 serves as analytical background for chapter 5 and 6 by exploring access to and
distribution of key resources among the households. Based on our findings in this chapter,
we discuss whether oxen is an indicator of access to key resources and whether female
headed households do have less access to key resources. Furthermore, we point out
possible relationships between households' access to key resources and their engagement
in soil maintenance practices which we will investigate in the following chapters.
The central aim of chapter 5 is to empirically test research hypotheses I24 and 225 by
comparing households' access to key resources (previous chapter) with their actual
engagement in soil maintenance practices such as crop rotation, fallowing, application of
commercial fertilizer, terracing, contour plowing, stone diversion and tree planting.
In chapter 6, households' use of animal dung is discussed in relation to their access to key
resources. We explore how households' ability to use animal dung as manure is limited by
their use of dung as primary fuel by quantifying the amount of animal dung they burn as
fuel and the nutrient export from the agriculture system as a result of this practice. In doing
so, we aim to answer research hypothesis 3, i.e. households with less access to key
resources, have less access to animal dung as manure, thereby they contribute to the
degradation of their arable land.
Chapter 7 is the final conclusion of the overall research question. Using the sub-
conclusions from chapter 5 and 6 as a point of departure, we discuss how farming
households' engagement in soil maintenance practices, or lack of such is related to
24
 Households with less oxen have less access to key resources, thus they are less engaged in soil maintenance
practices.
25
 Female headed households have less access to key resources, thus they are less engaged in soil maintenance
practices.
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poverty. Following this, we discuss the relationship between our findings and the poverty-
degradation hypothesis.
24
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2 METHODOLOGY AND DATA COLLECTION
2.1 Selection of the study sites
The study sites were selected on four criteria: location, population, language and
topography. First, the locations had to be in areas where land degradation is severe.
Second, the population had to be made up of mainly farmers. Third the spoken language
had to be Tigrigna, which one of the authors this study speaks. Fourth, the study sites had
to represent the topographical variation within the central highlands. Based on the four
criteria we, together with the regional administration office, selected the village Tseada
Kristan, where almost all farm land is located on flat land and another village, Afdeyu,
where most farm land is located on hill sides. Furthermore, data concerning soil loss and
run-off was available in Afdeyu from the only soil research station in Eritrea.
2.2 Methodology
From the outset, we chose to take an aggregated quantitative approach because it enabled
us to empirically test the causal relationship suggested in the poverty-degradation
narrative. Our methodology has therefore primarily been deductive, using quantitative
indicators of poverty (i.e. land, labor and livestock) and degradation (i.e. estimation of the
nutrients exported from the agriculture system because households use animal dung as fuel
instead of as soil fertilizer).
As mentioned in chapter 1, the thesis is a comparative study of two villages in the central
highlands and with in these two villages we compare groups of households based on their
resource access. The primary aim of comparative studies is to examine patterns of
similarities and differences between cases (Ragin 1994:105). The aim with our thesis is to
explore differences (i.e. with regards to engagement in soil maintenance practices) between
groups of households with different resource access in two villages with different
topography. Being a comparative study, it was from the beginning important to us that the
data we collected could easily be compared. Thus, we chose to collect much of our data
through closed structured questionnaires. As all answers from the respondents are fit into
pre-determined categories it becomes easy to compare data across villages and between
categories of households using closed structured questionnaires.
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Furthermore, wanting to shed some light on households' knowledge of soil maintenance
practices and the reasoning behind their behavior with regards to these practices we also
included semi-structured group interviews. This data collection method provided us with a
tool to gather general information about indigenous environmental knowledge and the
rationale among farmers. Such issues cannot easily be quantified because knowledge and
rationale are best expressed through the mouth of the beholder not though predetermined
response categories.
2.2.1 Unit of analysis
In the central highlands, the organization of individuals in relation to agricultural
production, is primarily centered around the households. However, certain tasks are carried
out on a communal basis such as threshing and transport of harvest.26 Of course, household
may also help each other with terracing, herding etc., however, this is on private basis.
Until recently, land has been redistributed periodically to the households which constitute
the lowest unit of production. We assume that decisions regarding production and
investment among other are taken on the basis of the total amount of resources available to
the household (Blaikie & Brookfield 1987:71; Ruthenberg 1980:4). Thus, the household is
defined as an economic unit, that appropriates and allocates income and resources. The
activities of household members and their use of time and environmental resources are
interwoven and together they make up the households livelihood strategy i.e. the means by
which individuals and groups ensure their existence (Preston 1992:4). The livelihood
strategy of a particular household, in case of Eritrea, may also include economic
contributions (remittances) from sons/daughters or relatives that live abroad (de Waal
1990:22; Cliffe & Rock 1996:13). In other words, household livelihood strategies are often
partially dependent on income from the extended family.
2.2.2 Resource stratification of households
By stratifying households into resource categories, we seek to explore the extend to which
differences in resource access are responsible for systematic engagement, or lack of such,
in soil maintenance practices. As explained in chapter 1, we understand poverty as a lack
of key resources i.e. lack of the basic means of production which households have to have
access to in order to carry out the different practices and activities which households
26
 for threshing households join their oxen together while for transport of harvest donkeys/mules/horses are
used on a communal basis (fieldwork 1997).
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engage in. In this regard, we will discuss the applicability of resources i.e. labor, land, non-
farm income and livestock to stratify poverty levels among the households.
Labor
Even though having many household members mean many mouths to feed, a household
with many members is generally considered resourceful in society of the highland, because
it has more labor that either can be engaged in farming or in non-farm activities.
Furthermore, many children are considered as a source of moral and economic security
especially at the time when the parents retire.
However, using labor27 as a tool to categorize poverty in the study sites poses problems.
We have come across the following problems: 1) a household may have many household
members that are fit to work (i.e. labors) but still not be able to feed it self due to the small
size of the arable land and lack of non-farm job opportunities; 2) accumulation of labor is
not possible in the same way as for example livestock, as the household constitute the main
source of labor and hired labor is not common in the study sites; 3) the number of
household members able to work must be seen in relation to the number of dependents. As
such, a household consisting of two members both of which are able to work may be better
off than a household with 4 members able to work but 6 dependents. Due to these
methodological problems, labor as an instrument to rank a households' level resource
poverty is excluded.
Land
Using arable land as a tool categorize levels of poverty is ruled out for two reasons. 1)
Land is not a commercialized item in the central highlands of Eritrea thus accumulation of
wealth based on land is impossible. 2) The last allocation of arable land among households
in both study sites has been based on equitable principles, implying a relative even
distribution of arable land among the households within the village.
Non farm income
To ask farming households in the highlands about how much they earn is a sensitive
matter. People are often hesitant or insecure of how much a household earn all together
from non farm as well as farm sources. For instance, while it is generally accepted that
27
METHODOLOGY AND DATA COLLECTION CHAPTER 2
remittances as a source of non farm income is especially important in Eritrea28 (de Waal
1990:22, Cliffe & Rock 1996:14) our findings show a unreliable low percentage of the
respondents stated remittances as a source of non-farm income.
From a methodological viewpoint, the poorer household may not want to reveal how poor
they really are as they feel embarrassed, and the richer households may understate their
income because they either don't want to brag about it or they might speculate that by
revealing how well off they are, they may be excluded from some sort of assistance.
Well aware of the important role of non-farm income in supplementing crop production,
we have evaluated that non-farm income as instrument to categorize households level of
resource poverty would be vitiated with too many inaccurate information. Therefore, we
are not able to include non-farm income as a key resource along side with labor, land and
livestock in our analysis of resource distribution in chapter 4 because its reliability is
questionable. However, non-farm income will be included on more general level in chapter
3 to describe the importance of non-farm income in compensating the low crop production
level.
Livestock
Investing in livestock is rooted so deeply in the highland society that the synonym for
livestock which is called Trrit in Tigrigna is derived from savings and accumulation of
wealth (Mebrahtu 1981:611). According to Cliffe & Rock (1996) and de Waal (1990),
livestock in general and oxen in particular are regarded as the safest and the most common
way of accumulating wealth in the highlands of Eritrea. In fact, during the group interview
in Tseada Kristan one of the participants directly stated: "... a rich farmer has many
animals..."
However, we have not been able to categorize households socio-economic standing based
on livestock ownership because we are uncertain were to draw the line between
households. For instance, should a household be considered better off if they have 10
tropical cattle unit (TCU) or if they have 7?
27
 We emphasize that we focus on labor from within the household as hired workers is not very common in
the study cites (fieldwork 1997).
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Instead, we lean on the expertise from other studies (McCann 1987 & 1995; Cliffe &
Silkin 1992:82; Gebre-Medhin 1989:176-179; Tareke 1996:75) which emphasize the
central role of oxen in the highland production system. The number of oxen the households
have is extremely important for their livelihood. Inability to provide and/or reproduce
sufficient ox power is considered to be a major production constraint, because the
traditional plowing technology requires a pair of oxen. According to Cliffe & Rock
(1996:11), a number of surveys in the highland region of Eritrea and Ethiopia confirm that
the loss of oxen has been the single most consistent factor undermining crop production
thereby contributing to the food insecurity.
In most ways oxen function as rural capital, the possession of which may allow households
to obtain extra labor, crops/food and cash which we will discuss further in section 4.3.3.
Following this line of thinking, we categorize households based on their number of oxen
which we assume may be used as an indicator of access to other key resources.
We consider households without oxen to be the most vulnerable as these households are
compelled to enter into some sort of unequal exchange of their labor, cash or crop share to
gain access to oxen (Cliffe & Rock 1996, McCann 1987). Households with one oxen are
better off as they may enter into a mutual oxen sharing arrangement with another
household in the same situation, however they are still dependent on others which often
leaves them in a more vulnerable situation. Households with 2 oxen is considered to be
well off as they have enough draught power to plow their own fields and are not dependent
on more fortunate households. Finally, households with more than 2 oxen are considered
very wealthy as the possession of extra oxen allow them to gain access to extra resources
e.g. food, labor and income from households with too little oxen to plow their land.
We are aware that oxen ownership may not fully stratify households' socio-economic
standing,29 thus we use oxen as an indicator of access to key resources, which of course
also indicate something about the households socio-economic standing.
Remittances may in fact be an indication of wealth as suggested by a farmer in Tseada Kristan who
considered himself to be well off because of he had several children abroad that sent him money.
29
 For example a household which consists of an old man and his wife may not be able to plow and might not
have any oxen, but because they get relatively large remittances from their children abroad, they are able to
buy food and build a new house with glass windows and metal roof, and thus they may still be considered
relatively well off.
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2.3 Data collection in the Held
2.3.1 Sampling and questionnaire design
Sample size
210 survey questionnaires were conducted by enumerators in two villages. One of the
problems that we faced was the lack of a proper sample frame from which to draw a
representative (in the strict statistical sense) sample. Instead we used the rough estimates
by the agricultural administrators of the sub zones. In Tseada Kristan 150 households out
of approximately 750 households were interviewed and in Afdeyu 60 households out of
approximately 300 households - constituting a sample fraction of approximately 20 percent
of the universe in each location. The respondents were selected randomly among the
farming households by interviewing every fifth household in the area. As illustrated in
table 2.1, approximately a quarter of the households in our samples turned out to be female
headed in both study sites.30
Female headed
Male headed
Total
Table 2.1 Gender
Afdeyu
No. households
15
45
60
status of head
Percentage
25
75
100
of household by village
Tseada Kristan
No. of households
34
116
150
Percentage
23
77
100
Percentage of households Source: fieldwork 1997
Table 2.2 shows the distribution of households by oxen ownership and gender status of
head of household. Generally, a higher percentage female headed households have none or
only one oxen. Considering the distribution between the study sites, Tseada Kristan has a
higher percentage of households with two or more oxen.
Table 2.2 Oxen ownership by gender head of household and village
Female
Male
0 oxen
Afdeyu Tseada K.
40 68
11 28
1 ox
Afdeyu Tseada K.
53 12
53 31
2 oxen
Afdeyu Tseada K.
7 15
33 34
> 2 oxen
Afdeyu Tseada K.
0 6
2 8
Percentage of households Source: fieldwork 1997
30
 The percentage of female headed household (25 % for Afdeyu and 23 % for Tseada Kristan) seem to
cohere with Murtaza's study of three villages in Hamasien province (central highlands) which indicates that
24 percent of the household in the over all sample are headed by female.
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Selection of enumerators
Enumerators were employed on the basis of their knowledge of the locality and their
familiarity with the customs and habits of the local population. In Tseada Kristan, the local
staff employed by the Ministry of Agriculture (MOA) helped us locate the enumerators.
The enumerators consisted of 15 high school students, graduates and university students
who lived in the village. They were already familiar with interviewing, as they had
conducted surveys for MOA before. In Afdeyu, we were lucky that the staff from the soil
erosion research station were willing to help us. These two people, Daniel and Semere, had
lived in Afdeyu since 1983 and had a profound knowledge of the village and its people.
They had also participated as enumerators in connection with several other research studies
in the area.31 Before we began the survey the enumerators were trained in how to approach
the respondents and how to fill in the questionnaire.
Questionnaire construction
The construction of the questionnaire has been inspired by related research studies
(Ravnborg 1996; Yeraswork 1983; Stahl 1990) and by previous personal research
experiences in the highlands of Eritrea. The questionnaire was originally formulated in
English and then translated into the local language Tigrigna.
The content of the questionnaire was discussed with the enumerators and the local staff
under Ministry of Agriculture. This helped us to clarify linguistic (adapting the
questionnaire to local terminology) and problems of comprehension. A draft version of the
questionnaire was pre-tested on a limited number of respondents in each village prior to
engaging into a full scale research.
The questionnaire was designed to cover general information about how the local
production system functions, the resources available at household level, perception of land
degradation, causes and effects of land degradation, methods used for soil & water
conservation, soil fertility improvement measures and pattern of energy consumption. A
copy of the questionnaire is displayed in appendix 2. Each questionnaire interview lasted
about 45 minutes.
31The bias of using local enumerators will be discussed in section 2.10
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Presentation of questionnaire data
The data from the questionnaire will primarily be presented as 1) tables illustrating the
mean number of soil conservation measures, for example and 2) frequency tables showing
the percentage of households with e.g. non-farm income. To the extent we have found it
relevant, we have applied the following statistical tests: standard deviation, correlation
analysis and t-test.
Mean values are used to measure the central tendency of list of observation by dividing the
sum of the observations by the number of observations. We find it important to stress that
mean values are statistical/analytical abstractions, thus the mean household does not exist
in reality. Never the less, it is a valuable tool, which we use to make comparative analysis
of differences between groups of households stratified by gender head of household and
ownership of oxen. It may be used to analyze for example how many cattle female headed
households on average have in comparison to male headed households.
The standard deviation is included as a measurement of how widely values are dispersed
from the average value (the mean). A large standard deviation (greater than 50 percent) in
relation to the mean indicates that most of the data are very variable (Poate & Daplyn
1993:320-321). How large a standard deviation is acceptable depends on the purpose of the
research. For instance, in that case of a patients blood pressure measurements, it is not
acceptable that the values are very dispersed because it would endanger that patients
health. However, in our case it is acceptable that the values are considerable dispersed
from the mean value, if standard deviations are similar for all the different groups of
households which we compare. As both standard deviation and mean values are very
susceptible to extreme values, we also include frequency tables.
Statistical correlation analysis is used to determine the relationship between two
factors/properties/-variables. A major limitation with this kind of analysis is that it only
takes factor x and factor y into account thereby excluding a third or fourth factor which in
fact may be decisive for the correlation between the two factors. As Casley & Kuma
(1988:148) argue: "Correlation does not prove causation. Correlation of an effect with an
identified stimuli is only useful evidence if the other causal factors have been pointed out".
T-test is used to determine whether two samples are likely to have come from the same two
underlying populations that have the same mean.
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2.3.2 Quantification and laboratory analysis of animal dung
To document empirically how the lack of recycling dung have influenced the capability of
the land to produce crops we 1) estimate the quantity of animal dung used by the farming
households as fuel 2) estimate the amount of nutrients which are lost from the agro-eco
system due to this activity and 3) indicate how much it would cost for the farming
households to replace this nutrient loss with commercial fertilizer i.e. a hypothetical
replacement cost.
Ad 1) To measure the quantity of dung used for fuel the respondents were asked in the
structured questionnaire how many pieces of animal dung, gudgudos32, their household use
on a daily and weekly basis. 15 samples (pieces) of gudgudos, were collected randomly
from each village and dried for 24 hours at 70 degrees. Based on their dry weight, the
mean weight for a piece of animal dung was calculated.
Ad 2) From each piece of dried animal dung a sample of approximately 20 gram was
analyzed for its nitrogen (N) and phosphorous (P) content. Keldahl's method (Borggaard et
al 1988) was used to analyze total N %, while total P % was analyzed using
spectrophotometric method (a thorough description of these methods may be found in
appendix 3). Double testing was used on all the samples and based on this, we calculated
the mean nutrient composition of the gudgudos for each village.
Ad 3) We are aware that the hypothetical replacement cost is not the optimal way of
measuring economic loss because the farming households first and foremost will feel the
economic loss from lack of recycling dung in terms of reduced harvest and not in money
spent on commercial fertilizer. However, as there exists no data about the economic loss in
terms of loss in harvest, we will use the second best method. Besides, in reality it may be
difficult to distinguish between the loss in harvest caused by lack of recycling dung,
reduced fallow33 or erratic rain.
32
 A gudgudo is patted cattle dung shaped into a oval dung-cake for the purpose of fuel, see photo section
6.2.2.
33
 In the central highlands, reduced/skipping fallow may increase production in the short term, but
productivity will decrease in the long run, considering the limited use of commercial fertilizer and the limited
recycling crop residues and animal dung.
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2.3.3 Semi-structured group interviews
We spent one day in each village making open-ended semi-structured group interviews
with selected farmers, men as well as women. The participants were selected on the
background of their knowledge of agriculture and land tenure. They included members of
the village organization, Baito, local members of the National Union of Eritrean Women
(NUEW), priests and ordinary farmers. A list of all the participants in the semi-structured
group interviews and their title/occupation is found in appendix 4.
The group interviews were held on local Coptic holiday in order not to interfere with the
farmers busy schedule. The participants were paid34 for their time, which is only reasonable
considering that they personally do not get anything out of helping us, whereas the
information which they provided us with was extremely valuable.
During the group interviews, we covered issues such as how the farmers have experienced
the process of land degradation, the change in vegetation/soil fertility, the causes behind
land degradation, and the reasons why farmers continued certain agricultural practices
being well aware of the negative impact on the land. The group interviews also included
selected participatory aspects such as drawing maps showing the different soil fertility
categories in the villages and the seasonal calendar of farming activities.
The interviews were conducted in Tigrigna and were recorded by tape. Each group session
lasted about 2-3 hours. After returning from our fieldwork, the group interviews were
written out and translated into English.
Throughout this study, statements from the group interviews will be used to elaborate on,
support or contradict the findings from our survey. They will also be used to illuminate
more "soft" data such as environmental perception and knowledge.
2.3.4 Informal discussions
Informal discussions often arose unexpectedly when we walked through the villages, and
after the semi-structured group interviews, when the farmers invited us to join them for
their holiday celebrations. We also had informal discussions with staff in MOA's central
planning office, the agricultural administrators of the sub zones, staff at the research station
34
 An amount equivalent to a day labor pay.
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and people at the land commission. Selected information from the informal discussions
were written down the same day/evening. This data will be included in an ad hoc manner
to reveal information which was not covered in the questionnaire and the group interviews.
2.3.5 Documentary and literary sources
Official documents & records, consultant reports, university dissertations, scientific books
and articles will be included to compensate for data gaps, elaborate information and to
cross check our findings.
2.4 Considering biases and sources of error
2.4.1 Biases
The following paragraphs present some of the reflections we have had on research biases
after we returned from our fieldwork.
1) During the questionnaire, it was not possible to secure that all the present household
members told their opinion due to prevalent power structure within the household. Hence,
many of the answers may reflect the opinion of the head of the household. But, generally it
is our impression that when other household members had extensive knowledge about
specific subjects they intervened and shared their knowledge with the enumerators. In
retrospect, certain questions should have been addressed directly to women such as
questions related to fuel consumption - unless the household was headed by a single male,
which is very seldom. Usually, men do not participate in cooking, and therefore they have
limited idea of how much fuel is consumed. To the extent that there were no women
present during the interviews or that the women did not contribute with their knowledge,
data concerning fuel consumption may involve some degree of inaccuracy.
2) The answers of the respondents both during the questionnaire and the group interviews
have probably been influenced the interviewers presence and social status. For example,
the farmers may have responded in political correct manner on issues related to MOA's
present initiatives as the enumerators previous research experience probably meant that
they by the local population were associated with the MOA's staff. Furthermore, it is likely
that the farmers may even have responded in way so it would please us considering that
they actually were paid for being present during the group interviews. Likewise, the social
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status of Aman35 as an Eritrean coming from Europe have probably also influenced the
farmers responses. On the other hand, the fact that he speaks the language proved to be a
clear advantage as he shared a common ground with the farmers. He was able to joke with
them and explain how he as a descent from one of the neighboring villages has returned to
help understand some of the problems that has devastated this area.
3) The point of time at which we conducted our research is a specific historic situation
which to a certain extend is reflected in the some of respondents answers. As Eritrea has
recently been liberated from 30 years of occupation by the Ethiopian army there is a great
sense of gratitude and loyalty towards the current government which is primarily made up
of ex-freedom fighters. For instance, it is possible that the respondents in fact felt pressured
to participate MOA's36 food for work/cash for work activities but they were not willing to
let outsiders know. Likewise, when we asked people about the current state interventions
their attitude was generally very (maybe overly) positive.
4) The fact that the people in both villages had been exposed to questionnaires before have
probably influenced the results. Each time they are exposed to research questions, they
become more aware and strategic in their response. On the other hand, it is our impression
that because the population been exposed questionnaires before, the questionnaire method
did not pose the usual problems such as impatience and lack of concentration from the
respondents.
5) Our choice of using local enumerators may also have posed a bias as their familiarity
with the locality, may have influenced the way they recorded the respondents answers e.g.
it is possible that some the enumerators have disregarded asking the respondents certain
questions which they thought had obvious answers and checked off a particular response
category.
2.4.2 Sources of error
Questionnaire
Statistical error include, among others, data loss due to unanswered questions and tendency
of uniformity of answers in the questionnaire. The percentage of ambiguous/unanswered
questions are shown in the not available category (NA) along side with other data in the
35
 Aman (official name Oman) is one of the authors of this study
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tables. Being aware of the fact that people tend to select a middle category in questions
which reveal their attitude (Casley & Kumar 1988:72), we have deliberately aimed to have
an even number of option categories for these type of questions. As the respondents were
interviewed separately in their private homes the possibility of overhearing, discussing and
consequently repeating an other respondents answer remained limited.
Processing data from the questionnaire is time consuming and therefore prone to human
errors of reading, writing and calculating the wrong items, categories or numbers (Poate &
Daplyn 1993:214). Thus we have aimed to eliminate this type of error by double checking
our data.
Dung analysis
Determining the mean value of nutrient composition of the gudgudos (i.e. cattle dung) was
vitiated by sources error as well as variation. The sources of variations include I) the
method with which the gudgudos were collected and II) the nutrient content of the animal
dung gudgudos at the time they were collected. The sources of error were related to the
processes of determining the nutrient compositions of the gudgudos samples at the lab i.e.
technical/human errors associated with measuring and quantifying the samples.
From the outset, we assumed that the different feeding strategy and quality of grazing
vegetation cover would be a major attributer to data (i.e. nutrient content) variations
between the study sites. Based on this assumptions, we collected the 15 gudgudos from
each study sites randomly. After we started to process our data, it turned out that there was
actually considerable intra village difference in the nutrient composition due to different
feeding strategies between village households, particularly in Tseada Kristan. In this
regard, had we been aware of these differences from the beginning, the most appropriate
method to determine the nutrient content of the gudgudos would have been purposive
sampling of gudgudos based on the households' feeding strategy. Purposive sampling is a
method in which the selected units are chosen not by chance (i.e. randomly) but
deliberately, in order to include units with a particular characteristic (Poate & Daplyn
1993:365). Purposive sampling is often used for small samples because it secures that each
group/characteristic is represented adequately.
36
 Ministry of Agriculture
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Another source of variation was the content of nutrient composition at the time the
gudgudos were collected. Both the type of fodder as well as for how long and under which
circumstances the animal dung has be stored influences the nutrient composition (Murwira
et al 1995:136). Particularly Nitrogen is very versatile. Loss of N occurs from the moment
of discharge through denitrification, NH3 volatilization and leaching of nitrate depending
on the temperature and moisture (Adriano et al 1974).
Generally, the more tests that are carried out per sample the better results are obtained but
due to lack of time, we decided to proceed our analysis of dung using double testing only.
However, our results show that only 3 samples (i.e. samples no. 1, 2, and 7 from Tseada
Kristan) are rejected due to pollution.
As tables 2-5 in appendix 3 show, there are variation between samples test A and B. While
variations between the samples most probably are attributed to sources of variations
described above, differences between tests A and B for each sample are most likely
associated with measurement errors. When analyzing sample results of N and P, the
variations between test A and B are larger for P determination than for N. This is probably
related to the fact that the method of determining P content of the gudgudos requires many
more different procedures than determining N content. In other words, the more
measurement procedures are carried out the higher the probability of vitiating data with
sources of error. Yet, both the standard error and the coefficient of variances indicate that
the mean values of total N and P are very reasonable. Likewise, cross checking of our
results with studies from other places in Africa (appendix 3 table 6) seems to be supportive
of our overall analysis.
2.5 Evaluating the research methodology
Generally speaking, the research methodology turned out to be useful because 1) it
combined qualitative and quantitative methods which supplemented each other, 2) the
respondents in the questionnaire were selected randomly, 3) the questionnaire interviews
were conducted by competent enumerators with local knowledge, 4) one of the author's of
this study understood the language and the culture of the survey population and 5) there
seems to be general agreement between our data and the findings from related studies in
the highlands of Eritrea and Ethiopia.
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The semi-structured group interviews and the informal discussions proved to be valuable
tools to elaborate some of the findings from the questionnaire. When the farmers with their
own words explained their situation and the problems related to land degradation, the
rationality of the farmers became much more clear to us. The predetermined response
categories in the structured questionnaire was simply not geared to capture such level of
detail and emotional expression. On the other hand, the structured questionnaire may have
left more space for the voice of the more reserved or marginalized households as these had
as much chance of being selected as the more prosperous and dominating households.
We believe that our use of local enumerators who resided in the study sites had an overall
positive effect and contribute to the credibility of our findings. The fact that the
enumerators knew most of the respondents and were familiar with their actual living
conditions before hand made easier for them to collect accurate information. As Semere
from the soil research station in Afdeyu said : "Let alone the number of their cattle - we
even know the number of their chickens'".
We had not intentionally planned to use informal discussions as a source of data collection.
However, they turned out to include valuable information which we had not been able to
capture with the more formal methods. Talking together like normal people without any
kind of registration neither written nor taped, enabled people to speak about what they
thought was most important.
Considering the semi structured group interviews, the non-homogenous composition of the
participants hindered to some extent the younger male farmers and especially the women
from expressing their views.37 This was due to their lower social status in the highland
culture. It might have been eliminated by splitting the group into smaller more
homogeneous groups and interviewing these groups separately, thereby stimulating a
feeling of easiness among the members. Yet, this method would not have tackled the
problem of capturing the voice of the more reserved group members within the smaller
homogenous group. Such people may more easily be reached through individual
interviews.38
However it was also our impression that because the number of group interview participants by large
outweighed the number of outside researchers the atmosphere became relatively relaxed, which stimulated
the flow of information.
38
 The group interviews revealed the power structure and social organization of the highland culture to us.
The oldest men and the priests were clearly the most dominant. The women only replied when the questions
39
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2.6 Limitations of the approach
1) The data we have collected only enable us to give a static picture of land management
practice and investments at a specific point in time. It is important to stress that we are
aware of the fact that land degradation is not only a phenomenon but also a process, which
ideally implies taking a historical perspective to consider the changes in vegetation and soil
over time. Unfortunately, as in many other low income countries such data are not readily
available. However, we have attempted to capture some of these changes in the
questionnaire by, for instance, asking the respondents whether the rate of land degradation
is increasing and during the group interviews by discussing with the participants what kind
of trees used to be common in the area.
2) Ideally, in order to be able to estimate to which extend the animal dung could
compensate for the nutrients removed from the system it would also have been interesting
to supplement our findings with information about the physical and commercial properties
of the soil. But due to lack of information about such matters in both study sites and
limited resources (time, labor & money), we have not been able to include such data.39
However based on the crop rotation plan we will attempt to evaluate whether the
households have enough cattle to compensate with manure for the nutrients removed
through harvest while at the same time covering their consumption of dung as fuel.
3) After we returned from our fieldwork, some of the data we had collected turned out to
be incomplete, ambiguous or no longer relevant - thus this data has been excluded. In
retrospect, this may reflect the fact that our fieldwork took place at a relatively early point
of time in the writing process of this thesis. For example, it would have been valuable to
our present study if we had gathered information about the local parameters/indicators of
land degradation, soil fertility and erosion during the group interview.
Likewise, our definition and stratification of poverty poses limitations. The fact that we
only use one singular variable (i.e. oxen) as an indicator of resource poverty does not fully
capture the more complex poverty concepts of the local people themselves. The local
were addressed directly to them. However, it was clear that they had profound knowledge concerning issues
related to their daily duties such as collection and consumption of household fuel. As a gesture of respect, the
younger male farmers looked to the elders for approval before answering a question. Though, in some
situations the elders instantly passed on the question to one of the younger farmers due to the extensive
knowledge he/she had about the subject.
Besides, soil analysis might be tricky as the variations between different areas in the villages, between plots
and even within plots may be substantial.
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concept of poverty is often a multidimensional concept including both quantitative and
qualitative indicators. If we, from the outset, had collected information about the local
people's own perception of poverty during the group interviews and based on this
developed a set of poverty categories with multidimensional indicators, this limitation
could have been avoided. In that case, the status of not being poor (i.e. well off) could be
obtained through a number of different combinations of access to economic and social
assets, which we expect would give a better picture.
4) By using mainly quantitative methods to evaluate the household's engagement in soil
maintenance practices, we have not focused on the qualitative aspects of these practices
such as how well the terraces have been built. Nor have we been able to capture how the
households in the different oxen and gender sub-categories think that their access to key
resources influence their engagement in soil maintenance practices. Had we from the start
chosen to make open ended interviews with households from each oxen and gender
category, it would have been possible to compare our "objective" quantitative findings
with their "subjective" qualitative comments/explanations.
5) The estimation of nutrient composition in animal dung reflects the specific point in time
when we collected the gudgudos. Had we had the possibility to collect gudgudos e.g. every
month of the year it is likely that the nutrient composition of the gudgudos would have
varied with the seasons.
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3 DESCRIPTION OF THE STUDY SITES
Being a comparative study of two villages, this chapter aims to draw a picture of the
conditions under which the local people live, produce and carry out their livelihoods in
Afdeyu and Tseada Kristan respectively. The description is based our own observations
and fieldwork as well as data collected by various organizations and institutions. This
chapter is divided into three major sections.
In section 1, inspired by the farming systems approach, we describe selected elements from
the physical setting (i.e. climate, soil and topography) and socioeconomic setting (i.e.
population, tenure arrangements, division of labor and market access). Many of these
elements have a direct influence on the type of enterprises and practices/activities
households engage in.
In section 2, we describe the farming system which prevails in the study sites by focusing
on the interactions between crop and livestock production. We discuss the type of crops
which households grow and how certain crop(s) influence the arable land and thereby
maybe also indirectly households' engagement in soil maintenance practices. Moreover,
we also focus on households feeding strategy of livestock which influences households
ability to accumulate animal manure.
Section 3 serves as an evaluation of the general level of welfare in the study sites by
investigating 1) to which extent crop production can fulfil households' food subsistence
needs and 2) the relative importance of non-farm income in order to compensate for food
crop production shortcomings.
3.1 Location and appearance of the study sites
Both study sites, Afdeyu and Tseada Kristan, are villages situated in the central highlands
which prior to 1995 used to be called Hamasien province. Afdeyu is located 25 km north
west of the capital city Asmara on the road to Keren close to the small and flourishing
trade town of Serejeka. It is situated on hills at an altitude of 2310 m above sea level. The
immediate impression of the surroundings when walking on the unpaved road to Afdeyu is
barren, rocky, and steep hills only interrupted by some moderately to extremely eroded
gullies. Approaching the village, one can see that majority of the traditional Tigrigna
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houses, hedmos, are centered at the hilltops. Apart from a small number of new houses
being constructed, Afdeyu does not seem to be influenced by the reconstruction process
which many areas have been undergoing since the liberation of Eritrea in 1991. According
to the villagers there is positive change commercial-wise though not conspicuous. Walking
further into the village, there is a flat area which serves as communal grazing place for the
livestock. The scenery here is composed of cattle and young boys and girls that herd them.
The grazing area is divided by a seasonal stream which is exploited by a few farming
households living nearby for the purpose of watering vegetables, which mainly are sold as
cash crops. When looking at the village from the highest point of the hills, except for a few
small areas covered with young Eucalyptus, the landscape is dominated by hundreds of
meticulously demarcated and terraced arable land plots witnessing intensive cultivation.
Children in front of hedmo in Afdeyu
The other study site is Tseada Kristan, a village located approximately 15 km west of the
capital, Asmara. It is founded on the same plateau as Asmara at an altitude of 2300 m
above sea level. As soon as one drives out Asmara on the road heading towards Tseada
Kristan, the landscape is barren, arid and relatively flat. When arriving at the village, one
cannot avoid noticing that Tseada Kristan is actually considerably bigger than Afdeyu, and
that the process of reconstruction is quite apparent everywhere. A number of colorful
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modern brick houses are being constructed, old houses are being renovated and small
shops and kiosks are being established. Tseada Kristan serves as a service center for many
nearby villages providing medical care through its newly established small hospital, public
administration, transport facilities, agricultural services and education up to high school
level. When walking between the hedmos in the village, one can see that the arable land in
Tseada Kristan is well demarcated though not as intensively terraced as in Afdeyu. A small
area in the outskirts of Tseada Kristan is covered with newly planted Eucalyptus seedlings
which were provided by the Ministry of Agriculture in order to conserve soil and to
provide fuelwood.40
Figure 3.1 Map of central highland zone
ERITREA: Agricultural Sector Revlsw
Map 2: MAJOR AGROECOLOGICAL ZONES OF ERITREA
CHZ CENTRAL HIOHLAND ZONE
NM NORTHERN MIDLANDS
H HIGHLANDS
SM SOUTHERN MIDLANDS
WEZ WESTERN ESCARPMENT ZONE
SWLZ SOUTHWESTERN LOWLAND ZONE
OBZ GREEN BELT ZONE
CPZ COASTAL PLAINS ZONE
NWLZ NORTH WESTERN LOWLANDS ZONE
E T H I O P I A
40
 There is controversy about the usefulness of Eucalyptus trees to counteract land degradation. As there
exists quite many species under this genus with different characteristics, the notion that Eucalyptus trees in
general are not suitable to combat land degradation must be reconsidered. In other words, the usefulness of
specific Eucalyptus species depends on the context and the purpose of planting.
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3.2 The physical setting
3.2.1 Climate
The central highland agro-ecological zone (CHZ) is characterized by a warm to cool semi
arid climate (FAO 1994 main report: 16), with a mean temperature of 17.5 C °, between
300-600 mm of rainfall, and a potential evaporation transpiration from 1000 to 1500 mm
(NEMP 1995: 52). During the months of December and January, the temperature drops
and frost hazards may occur. The highest temperature occurs during the months of May
and June. Over the course of time, the climatic fluctuation without pattern has led to
recurrent droughts often causing widespread hunger and livestock death in this area
(Degefu 1987:2).
The rainfall in the CHZ is bimodal. The short rains, Akeza, usually appears from March to
April whereas the main rainy season, Keremti, begins late June and usually last up to
September. The bimodal rains are often very scant and unreliable, thus it is only in some
years that the farming households are able to harvest twice (fieldwork 1997). Over a ten
year period from 1985 to 1995, Afdeyu has had an annual rainfall ranging from 239.8 mm
to 695.4 mm indicating large fluctuations between the years (Afdeyu research station,
unpublished records). 84 years of data (1903 - 1986) on annual rainfall from Asmara
meteorological station, which may be representative for the central highlands, also indicate
a variability of annual rainfall ranging between 426 and 727 mm (Yohannes 1991:36).
While the annual rainfall may seem sufficient for crop production, the intensity with which
it falls is a major problem. In the central highlands the rain is not fairly distributed
throughout the day, rather the heavy and sometimes torrential precipitation is often
concentrated in certain hours during the day (Yohannes 1991:36). This characteristic of
rainfall coupled with the rugged and denuded landscape results in high surface run-off and
low infiltration rate.
3.2.2 Soils
The amount of data on morphology and classification of soil is quite limited and lacks a
systematic study. Therefore, the soil types of the study sites are described broadly based
upon the FAO's classification system.41 The types of soils that are found in the central
highlands are more or less developed from parent materials depending on the extent of the
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weathering that has taken place. The dominating soil types in the highlands are Cambisols
(with the soil units of chromic, eutric, vertic and humic), Luvisols, Lithosols and Vertisols
(Yohannes 1991:39; NEMP 1995:52). The fertility of these soil types is characterized as
low to moderate (MOA & UOA 1996:10). The content of soil organic matter ranges
between 0.5-5 % in the topsoil depending on the type of soil (Yohannes 1991:39-44) and
most likely less on the arable land due to soil humic loss as a result of water erosion
(NEMP 1995:52). Sample studies indicate that nitrogen and potassium levels are generally
low, phosphorous medium, calcium and magnesium high in Eritrea (Murphy 1959; cited in
Yohannes 1991:44). Unless the low content of vital plant nutrients, is restored trough
application of various soil maintenance practices such as incorporation of legumes as well
as application of organic and commercial fertilizer the productive capability of the soil will
become reduced.
3.2.3 Topography and erosion exposure
The most striking differences between the two study sites is that land in Afdeyu is much
more prone to erosion due to its topography which is dominated by hills whereas the
landscape in Tseada Kristan in contrast is relatively flat. In Afdeyu, some areas are so hilly
that households have fields with slope gradients ranging up to 65% (Afdeyu Research
Station 1997, unpublished records). In fact, the large majority of the respondents in Afdeyu
(92 %) replied that their land is either located on the hill-sides or on mostly on the hill
sides whereas all households in Tseada Kristan stated that their land holding is located on
flat or mostly flat land (fieldwork 1997).
In order to discuss briefly the severity of soil erosion in the study sites, we include data
from Afdeyu research station where several test plots42 have been set up to measure runoff
and soil loss. Generally, the top soil loss in the central highlands varies between 0-15
t/ha/year or 0-10 mm/year (NEMP 1995:53). However, there is a tremendous variation of
top soil loss depending on the erosivity of rainfall43, topography, the type of soil, vegetation
cover as well as farming households land management.
41
 There are 3 general soil classification systems: the Russian, the American and FAOs. Of all the literature
concerning Eritrea we have come across FAO's soil classification system.
The test plots were rented from households in the village and planted with crops which the farmers
normally grow. The test plots were selected at different locations within Mayketin Catchment (180 ha.) and
have slopes varying from 2% to 65%.
3
 The potential of soil loss in Afdeyu is very high between July and September as the rain is particularly
torrential during this time. Furthermore, most of the crops at the beginning of the rainy season (i.e. July) have
not developed roots which are strong enough to hold on to the soil (Soil Conservation Research Project
(SCRP) 1988).
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Table 3.1 Soil loss and run off in Afdeyu
Soil loss (t/ha)
Runoff (mm)
Runoff (%)
Test plot 1
Slope 31%
44.5
188.9
49.1
Test plot 2
Slope 2%
8.3
34.1
8.9
Test plot 3
Slope 10%
23.7
165.8
43.1
Test plot 4
slope 65%
3.2
15.9
39.2
Source: SCRP 1988
Table 3.1 reveals that the amount of soil loss coheres with the percentage of plots' slope in
Afdeyu, except for test plot 4. The amount of soil loss of test plot 4 is not the least because
runoff was smallest on this plot, but because it already had lost so much of its top soil, that
at the time when measurements were conducted there was not much soil left to be lost. The
soil loss of the test plots varies between 3.2 and 44.5 t/ha. According to Hurni (1988; cited
in SCRP 1988) soil formation rates of Eritrea are around 2 - 5 t/ha/year. This indicates that
top soil loss due to erosion out does the soil formation rate by 2-10 times.
Unfortunately we do not have any data concerning runoff and soil loss from Tseada
Kristan, as Afdeyu is the only soil research station in the Eritrea. However, the fact that the
majority of farming households build terraces in Tseada Kristan (section 5.2.1) indicates
that soil erosion is also a problem there.
3.3 Socioeconomic setting
3.3.1 Population
Both study sites are situated in the same agro-ecological zone, the Central Highland Zone
(CHZ), and the majority of the population belong to the same ethnic group, Tigrigna
(Peretti 1995:9). As the rest of the central highlands, both Afdeyu and Tseada Kristan are
characterized by a relatively high population density given the climate, land fertility and
topography (FAO 1994:4). According to Ghebremedin (1996:8), the average population
density of Eritrea is 29 people per square kilometer, while the province of Hamasien, to
which Afdeyu and Tseada Kristan belong, has a population density of 142 people per
square kilometer.44 The high population density is reflected in the small size of holdings
which is discussed in section 4.2.
' This includes the population of Asmara the capital city of Eritrea
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The number of female headed households is generally high everywhere in Eritrea as a
result of the long armed conflict with Ethiopia. During this period, many men were
forcibly recruited to the Ethiopian army while others joined Eritrea's Liberation Front
(ELF) or Eritrean Peoples Liberation Front (EPLF). Casualties among these men were
high, often leaving many widows behind (SOS-Sahel 1994:49). A result of this, a larger
percentage of the female headed households have less access to labor (section 4.1)
particularly for plowing and sowing as described below.
3.3.2 Gender division of labor
The division of labor influences households' access to labor, as some activities are strictly
limited to gender and age (appendix 5). For instance, plowing and sowing is traditionally
the responsibility of men. This is interesting to our study because it often creates a
situation where female headed households become dependent on access to male labor from
other households45. Moreover, children traditionally are used for herding small-stock and
collection of dung hence they may regarded as labor asset in this respect.
3.3.3 Land tenure arrangements
The access to and control over land often influences the type of farming enterprises and
practices in which households are engaged. Several studies (e.g. Migot-Adholla et al 1990;
Barrow & Roth 1989; Feder & Noronha 1987 cited by Berry 1993) argue that insecure
tenure rights act as a disincentive for long term land investments. We will return to this
issue when we explore at the type of soil maintenance practices undertaken by the
households in the study sites in chapter 5.
Due to the escalation of war and the consequent insecurity, land allocation in the study
sites has not taken place for decades (fieldwork 1997). In Afdeyu, the last allocation of
land took place in the mid 1980's (fieldwork 1997) and was based on the Diesa system
which was the most common traditional land tenure system in Hamasien province (Nadel
1946:13; Peretti 1995:10). In the Diesa system, land is the property of the village owned
collectively. Land is divided into crop land, reserve land and pasture land. Crop land46 is
If the female headed household has no family or neighbors willing to help her a share of the harvest is
usually paid in return for male labor.
Crop land is further divided into Zrati land or "fields for cereals", Giardino land used for "irrigated
cultivation" such as tomatoes and vegetables and Ghadana land which is situated near the homestead and
usually cultivated with maize. It is only the Zrati land or "fields for cereals" which is subject to the periodic
re-distribution (Peretti 1995:12).
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redistributed among the eligible47 households of the village every 5-7 years.48 Individual
households usufruct is limited to the periods between redistribution (Yohannes 1991:82).
Land from extinct households are returned to the village. Crop land is graded into
indigenous categories of fertility49 from which every household receives a fair share (Nadel
1946:13, fieldwork 1997). As such, the Diesa system is based on equitable principles i.e.
all households theoretically have the same extension of arable land and the same potentials
for harvesting (Peretti 1995:10).
Under the Diesa, a share of the village land is dedicated to common pasture to which every
household has access. Likewise, a portion of the village land is reserved land which is left
fallow. The reserve land primarily functions as extra pasture lands during periods of
drought (fieldwork 1997). According to Yohannes (1991:82), when crop fields are
considered exhaustively cultivated, they turn into fallow lands and in return other fields
from the reserved areas are equally redistributed among the respective members of the
community.
As for Tseada Kristan the last allocation of land happened in 1975 and was based on the
Shenshin land reform issued and enforced by the Ethiopian government (fieldwork 1997).
Under the Shenshin, all land automatically became the property of the government instead
of the village as it was the case during the Diesa system. Households' size became the
main criteria for allocation of land50 (Peretti 1995:13), thus households with large number
of members benefited more under the Shenshin than they did under Diesa system. Similar
to the Diesa, land was supposed to be redistributed periodically in order to adjust to
changes in households size and allocate land to newly established households. However, in
most places inclusive Tseada Kristan it did not happen due to the armed conflict51
(fieldwork 1997).
47
 Both old households and households established since the last distribution.
48
 According to Nadel (1946:13) periods of redistribution follow the cycle of cultivation and fallow.
Changing hands of village fields takes place after the fallow period i.e. villages which cultivate their fields
for three years and leave them fallow for two as a rule redistribute land every five years.
49
 The main indigenous categories of soil recognized by the group interview participants were keih hamed
(sandy loam), baket (silt sandy), dqua (silt loam) and tselim hamed (loam soil) (fieldwork 1997).
50
 According to Peretti (1995:13) the common allotment for each household in the Shenshin was: 2 tsemdi for
1-3 members, 5 tsemdi for 4-6 members and 6 tsemdi for more than 7 members in a household.
51
 According to the group interview in Tseada Kristan, the Shenshin was perceived as fair land allocation
system. But as time passed, the size of many households changed, and without the intended redistribution,
the distribution of land among households in fact became unfair.
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Inherent in both the Diesa and the Shenshin system is the tendency of sub-division52 of
land. As population grows, so does the number of households resulting in sub-division of
arable land, ceteris paribus. Consequently, households in both study sites have smaller
landholdings today than they had 30 years ago (fieldwork 1997).
3.3.4 Market access
The location of the market indicates how much time and labor is involved in selling
agricultural output as well as buying inputs. In Afdeyu, the nearest market is in the trade
town of Serajaka, which is located approximately 60 minutes away on a steep and winding
unpaved road. In Tseada Kristan, on the other hand, the market place is located in the
center of the village and thus households in Tseada Kristan have much better market
access.
3.4 Mixed farming
The development of agricultural production in the highlands of Eritrea differs historically
from almost all other African regions by extremely early incorporation of ox-drawn plow
and a relative intensive system of land management with multiple cropping, crop rotation
and short fallow (Marakis 1990; cited by Kibreab 1996:161) and probably also early forms
of South Arabian terracing (Michaels cited in McCann 1995: 39-40). This is supported by
archaeological findings indicating that already in "the third or fourth millennium" a
combination of arable and animal husbandry became a dominant economic activity in
highlands of Eritrea and Ethiopia, constituting a distinct production system (de Contenson
1981; cited by Yohannes 1991:2).
As in the rest of the highlands, people in Afdeyu and Tseada Kristan pursue mixed farming
in which subsistence crop production and livestock rearing is carried out concurrently.
From an economic viewpoint, both aspects are mutually complementary in the sense that
crop production is primarily aimed towards meeting the subsistence consumption needs of
the family whereas livestock generally is regarded as a means of creating wealth and
generating income (Yohannes 1991:75). As suggested by Bayer & Waters-Bayer (1989:5)
"livestock serve as a savings account, with offspring as interest". In areas characterized by
a large degree of climatic uncertainty such as the central highlands, livestock also serves as
a source of diversification i.e. a buffer: an animal may be slaughtered for home
Here we distinguish between subdivision which refers to the division of land into several individual
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consumption or sold to buy food when crop yields do not meet household needs. From an
ecological point of view, interaction between cropping and livestock serves a positive
function trough transfer of nutrients and energy between animals and crops, via manure
and forage from cultivated areas as well as trough the use of draft animals in crop
production (Bayers & Waters-Bayers 1989:6).
3.4.1 Crop production
Except for a few households with fields located near the seasonal stream in Afdeyu,
agriculture is rain-fed in both study sites. The use of modern inputs is limited and thus the
agricultural system may be characterized as low input farming. In both study sites, the
farming households produce a wide range of crops primarily for subsistence. The most
frequently produced subsistence crops in Afdeyu are barley, wheat, beans and maize
whereas in Tseada Kristan barley, wheat, beans and taff (Eragrostis abissinca )" are the
predominating subsistence crops (fieldwork 1997). The fact that households in Tseada
Kristan grow taff is interesting to our study for two reasons. 1) Taff requires intensely
prepared seedbeds - i.e. more that five plowings (Rahmato 1991:79). When the soil is tilled
so many times, the texture of the soil gets fine with good porous but at the same time the
soil becomes more susceptible to erosion. 2) Taff straws offer the most digestible livestock
fodder of any of the highland cereals (McCann 1995:102).
Although many households grow cash crops, the income from these crops is limited.
Particularly vegetables such as potatoes, onions and tomatoes are sold. However, due to
the large amount of water these vegetables require, the production remains limited
(Murtaza 1998:132). According to the majority of farming households, low market prices
is the reason why they are not engaged more in cash crop production (fieldwork 1997).
Cash crops are usually sold in the market, either to dealers from Asmara or by the women
(mostly) of the households themselves.
As illustrated in the cropping calendar (table 3.1), the relatively large variety of crops, each
with different maturing time indicates that the farming households are involved with
agricultural activities throughout the year. Of course, some agricultural tasks require less
time and labor, hence household members may engage in non-farm income generating
holdings and fragmentation which refers to the division of individual land holdings into plots.
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activities during those periods. It is also during those periods that the farming households
are generally engaged in labor intensive soil maintaining practices such as constructing and
maintaining terraces. As such, non-farm and soil maintenance activities may be viewed as
competitive activities. In both study sites, construction of hill side terraces and stone
bounds takes place in February, March and April.
Figure 3.2. Cropping calendar for selected primary crops in the study sites.
Jan. Feb. Mur. A p r . I May June I July Aug. TSept. Oct. I Nov. I Dec.
Maize'
Land preparation Sowing Weeding Harvesting Treshing
Wheat
Land preparation Sowing Weeding Harvesting Treshing
Barley
Land preparation Sowing Weeding Harvesting Treshing
Legumes
Land preparation Sowing Weeding Harvesting Treshing
Source: fieldwork 1997
3.4.2 Livestock production
Animal husbandry is found to be one of the oldest activities of the people in the highlands
of both Eritrea and Ethiopia. People of this region began to domesticate animals in the
period of 10.000 - 6000 BC (Clark 1984; cited by Yohannes 1991:65).
The most common animals in both study sites are l)cattle, sheep, goats, which mainly kept
for sale and agricultural produce such as milk, meat and hides 2) oxen are mainly used for
plowing & threshing, 3) transport animals such as donkeys, mules and horses as well as 4)
poultry which is kept for consumption and sale.55
Livestock is mostly sold on the local market. While sale of crops takes place every day,
livestock sales usually takes place once a week and is mainly the men's domain. The only
data which we have concerning sales of livestock, stem from Murtaza's (1998:133) study
53
 Taff is an endogenous cereal which is most prestigious cereal used to bake large fermented pancakes enjera
which is eaten at almost all meals with spicy vegetable or meat source. Because it is so prestigious, taff has a
high exchange value.
54
 Usually during the short rainy season
The cattle breeds are mostly local and represent varieties of Barka, Dohein, Arado, Affar and
undifferentiated Zebu types. The sheep variety comprises Barka, Hamele, Arrit, Akele Guzai and Rashaida.
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of sheep and goat sales in three villages in Hamasien (i.e. central highlands) from 1993-95.
According to Murtaza, the cash obtained trough animal sales is very low, due to the
depleted herds and the insufficient grazing patterns. Almost 80 percent of the households
included in this survey did not sell any goats or sheep, while 10 percent sold one or two
only.
In both study sites, households graze their livestock on the common pastures all year and
on arable land after harvest. However the vegetation quantity and quality on pasture land is
far from sufficient to cover fodder needs throughout the year (FAO 1994 annex 10:8).
Grazing on communal land during the dry season in Afdeyu
To compensate for fodder shortcomings, livestock is supplemented with fodder in the form
of crop residues56 and by-products57. In Afdeyu, households also send their cattle with
herdsmen to the nearly lowlands (Huzumo Plains) where there are better grazing
The goats are undifferentiated mountain goats. The chickens comprises exotic and local breeds (FAO 1994
annex 10:1).
56
 Studies from the highlands of Ethiopia estimate that crop residues average as much as 50 percent of forage
(McCann 1995:226).
57
 from milling, oil extraction and brewing (FAO 1994 annex 10:7)
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possibilities.58 As we will discuss further in sections 6.3, the type of feeding strategy
among other affects the nutrient composition of animal dung.
3.5 The relationship between crop production level and non-farm income
3.5.1 Crop production level
Three decades of war have disrupted the agricultural sector including the institutions
responsible for collecting production data. On a provincial level, we have not been able to
find any consistent sources of information which could provide us with data concerning
yields and total production over a sequence of years, and collecting productivity data for a
period of only one year is useless due to the variation between the years. However, to give
some idea about the general level of production, we have gathered small pieces of
information from different sources. In most studies, it is underlined that even in good years
yields are rather modest in Eritrea, resulting in a food deficit. More than 50 percent of the
annual food requirements have been met through food aid in recent years with between 50
to 75 percent of the population being dependent on it (ERRA 1995; cited by Murtaza
1998:24). Production estimates from the highlands indicate an average production rate of
only 600 kg/ha. (FAO 1994 main report:35). According to Murtaza (1998:131), the cereal
production in Hamasien59only ranged between two and three and a half quintals60 during
1993-95 per tsemdi i.e. per 1/4 of a hectare.
A study done by Cliffe & Rock (1996:13) shows that in 1994 the food production in
Hamasien province only accounted for 53.7 percent of household food sources, whereas
food aid and food for work (FFW) accounted together for 36.7 percent and the rest was
supplied through purchases (8.8%) and family/community (0.6%). According to a study
done by Toker Land Husbandry Project in 1996, farming households in Afdeyu are only
able to cultivate sufficient food to feed themselves for four months per year due to the
small size of land holdings and to the low production rate pr. ha. (TLHP 1996:12). Another
survey from Hamasien province in villages close to Afdeyu confirms this tendency as 94
percent of the interviewed households only produced enough food to last them a maximum
of six months a year in 1995 (Manczak 1995). Likewise, Murtaza's study (1998:131) of
four villages in Hamasien province shows that from 1993-95 the cereal production only
58
 Where as most households send the cattle to lowland once a year a small number does so twice a year.
59
 Based on household data from three villages in Hamasien province.
60
 A quintal equals 100 kg.
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supplied the households with their food consumption needs for between 4 to 2 months a
year.
Such data might indicate as Cliffe & Rock (1996:13) put it that:"(..) Eritrean peasants are
not subsistence producers, in the sense that they do not produce their subsistence need, but
depend on off-farm sources for part of their subsistence"
3.5.2 The importance of non farm income within the livelihood system
Even though it has not been possible to quantify how important non-agricultural income
generating activities are, there is, however, no doubt that they are crucial to the survival of
the households. As the farmers stated during the group interview in Afdeyu "(•••) most of us
are forced to have some kind of alternative non agricultural jobs in order to survive". This
statement indicates that most households have to diversify into non-farm activities in order
to sustain their livelihood. As such, it is not a matter of free choice but a matter of survival.
An indication of the importance of non-farm income is that nearly 100 percent of the
households in both villages have participated in some kind of food for work (FFW) or cash
for work (CFW) activities arranged by the Ministry of Agriculture (MOA) to prevent
further land degradation. Over 50 percent of these households stated that it was the
payment which convinced them to participate in MOA's activities. In other words, these
households viewed FFW/CFW as income source necessary to supplement agricultural
production. From table 3.2, it is clear that a larger percentage of the households in Afdeyu
participated in MOA's activities due to the extra income they generated, than in Tseada
Kristan. Moreover, it apparently only in Tseada Kristan that a considerable larger
percentage of the female headed households participated in FFW/CFW activities because
of the payment.
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Table 3.2 Incentives for participation in MOA's activities by gender head of household
Payment
Persuasion
Cohesion61
NA
Afdeyu
Female
n=15
87
60
0
7
The columns do not add up to
Male
n=45
89
58
0
0
All
N=60
88
58
0
2
i 00 % as respondents may have
Tseada Kristan
Female
n=34
Male
n=116
53 33
71 67
3 13
3 5
All
n=150
37
68
11
5
answered yes in more than one category
Percentage of households per incentive Source: fieldwork 1997
Even though it seems obvious that a higher percentage of households with less number of
oxen should have a greater incentive to participate in MOA's activities because of the
cash/food payment, we have not been able to trace such relationship in table 3.3. This
supports the previous remark made a group interview participant that most households
engage in CFW/FFW activities because it is necessary to generate some sort of extra
income besides farming, regardless how many oxen they own.
Table 3.3 Incentives for participation in MOA's activities by oxen category
Payment
Persuasion
Cohesion
NA
Ooxen
Afdeyu
n=ll
82
45
0
9
The columns do not
Tseada K.
n=55
45
65
11
5
add up to 100 9i
1 oxen
Afdeyu
n=32
94
56
0
0
Tseada
n=40
25
78
13
3
? as respondents may
K.
have
2 oxen
Afdeyu
n=16
Tseada K.
81
75
0
0
answered yes
n=44
41
68
7
7
in more 1
>2 oxen
Afdeyu Tseada K.
n=l n=ll
100 27
0 64
0 18
0 91
than one category
Percentage of households per incentive Source: fieldwork 1997
Besides income generated through FFW/CFW activities, the households seem to have very
little other supplementary activities. In fact, according to our survey, households on
average have less than one other income generating activity besides FFW/CFW, regardless
of village, gender head of household and oxen ownership. However, we expect that some
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 Even though very few of the households replied that they felt forced to participate in MOA's activities, we
cannot exclude that a higher number of households may have felt pressured to do so for various reasons.
From a methodological viewpoint it might be difficult to draw the line between strong persuasion and
cohesion . It is likely that it is more politically correct to answer that you were persuaded than forced to
participate. On the other hand these projects provided extra income so households may have participated
voluntarily.
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of the households may have forgotten to mention income generated through remittances,
government subsidies (demobilization pay etc.), sale of wood and wild products and
renting out oxen because 1) these types of non-farm income was not included in the
predetermined categories in our questionnaire except for the very wide category "other"
and 2) the percentage of households which generate income through these sources is very
low in our survey in comparison to Cliffe & Rock's data (1996:14). Considering this
insecurity, the percentage of households with non farm income in table 3.4 and 3.5 is
probably higher in reality.
Looking at table 3.4, there seems to be no immediate relationship between the percentage
of households with non-farm income62 and their oxen ownership in both study sites. This
may be an indication of 1) that the number of oxen a household owns is not an indicator of
the need for engaging in supplementary activities, thereby supporting the statement during
the group interviews that most household (regardless of oxen ownership) have to have non-
farm jobs in order to survive or 2) that maybe oxen ownership is insufficient as an
indicator of access to resources.
Table 3.4 Percentage of households with non-farm income by oxen category
Non-farm
income
Ooxen
Afdeyu
n=ll
Tseada K.
n=55
82 35
1 oxen
Afdeyu
n=32
Tseada K.
n=40
66 48
2 oxen
Afdeyu
n=16
Tseada K.
n=44
50 41
>2 oxen
Afdeyu
n=l
Tseada K.
n=ll
100 55
Source: fieldwork 1997
Comparatively, more households in Afdeyu participate in non-farm income generating
activities than in Tseada Kristan (table 3.5). This may be a reflection of a more urgent need
for supplementing the agricultural production in Afdeyu due to a presumed lower
production level caused by a greater exposure to erosion (section 3.2.3), the relatively
smaller landholdings (section 4.2) and because households in Afdeyu on average have
more access to labor. As for relationship between engagement in non-farm activities and
gender head of household our data is less conclusive. In Afdeyu a higher percentage
female headed households engage in non-farm income than male headed households,
where as the opposite trend is a fact in Tseada Kristan.
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Table 3.5 Households with non-farm income by gender head of households
Non-farm
income
Afdeyu
Female
n=15
87
Male
n=45
58
All
N=60
65
Female
n=116
32
rseada Kristan
Male
n=34
44
All
n=150
40
Percentage of households Source: fieldwork 1997
According to Cliffe & Rock (1996:14),63 when female and male headed households are
engaged in the same types of activities, the income female headed households earn is
significantly smaller than their male counterparts. Data from the same study shows that the
mean income for female headed households is only 46 percent of that of male headed
households. Only when it comes to remittances, the female headed households receive
more.
3.6 Summary
The purpose of this chapter was to explore differences and similarities between the to
study sites by focusing on the physical and socioeconomic settings, farming system and
livelihood conditions.
The most evident differences between the two study sites are 1)Afdeyu is comparatively
more exposed to erosion due to its topography, 2) Afdeyu is relatively smaller and less
accessible 3) as opposed to Afdeyu, Tseada Kristan has better market access, 4) the
reconstruction process in Afdeyu is much less apparent than in Tseada Kristan, and 5) the
last allocation of arable land in Afdeyu was based upon the traditional Diesa land tenure
system whereas in Tseada Kristan, it was based on the Shenshin land reform issued by the
Ethiopian government.
Common for both villages is that the distribution of rain is highly unreliable, erratic and
torrential thereby creating an agricultural environment which is characterized by a
considerable degree of risk. Crop production levels are generally low and often not enough
to cover households food consumption needs throughout the year. In response to the high
62
 Including trade, construction work, food and beverage sale, honey production, tailor, shoe maker as well as
a broad "other" category
63
 Including 650 households throughout Eritrea.
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degree of risk and the low production levels, households diversify into livestock
production and non-farm activities to generate income.
The agricultural system may be characterized as rain-fed, low-input mixed farming system.
Crop production is primarily aimed towards meeting the food subsistence needs of the
households and thus sale of cash crops remains limited. Livestock, on the other hand, is
generally regarded as a means of accumulating wealth and generating income. Generally,
soil fertility is said to be ranging from low to moderate in the central highlands. Pressure
on arable land is considered high.
As both study sites are situated in the same agro-ecological zone, the Central Highland
Zone (CHZ), and the majority of the population belong to the same ethnic group, Tigrigna
(Peretti 1995:9), the agricultural production system in both study sites share a great deal of
resemblance. However, they differ in two aspects, cultivation of taff and grazing strategy.
Having the resemblance between the study sites in mind, we emphasize the following
differences: 1) topography - because we assume the level of erosion exposure affects the
type and quantity of soil maintenance practices undertaken and 2) grazing strategy -
because we assume it influences the nutrient composition of animal dung which among
other is used to maintain the productive capability of the soil.
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4 DISTRIBUTION AND ACCESS TO OF KEY RESOURCES
The aim of this chapter is to explore the distribution of key resources (i.e. labor, land and
capital in the form of livestock) among households in the two study sites according to oxen
ownership stratification and gender head of households. In doing so, we explore the
relevance of our assumptions regarding the limited access to key resources among
households with few oxen and female headed households. These assumptions are directly
related to our first two research hypothesis: 1) households with less oxen have less access
to other key resources thus they are less engaged in soil maintenance practices and 2)
female headed households have less access to key resources thus they are less engaged in
soil maintenance practices.
Among others, households access to labor, land and livestock influence their ability to
engage in crop production in general and soil maintenance practices in particular.
Throughout this chapter, we will suggest how access to particular key resources may affect
households engagement in specific soil maintenance practices. Thereby we indicate how
the findings form this chapter will be used as a comparative background to explore
households' engagement in various soil maintenance practices in chapter 5 and 6.
4.1 Human labor
Other studies have indicated that ownership of labor is a crucial determinant for labor
intensive land investments such as construction and maintaining terraces (e.g. Defoer et al
1996:9, Cook & Crutch cited in Clay et al 1998:362). Considering this, we will explore
how labor is distributed among the households according to oxen ownership and gender
head of households.
In the study sites, the family constitutes the main source of labor and hired agricultural
workers are rare (fieldwork 1997). Even though all members of the household from the age
of four contribute to agricultural production with labor (appendix 6), we will focus on
"members fit to work"64, because this category consists of members who the household
considers fit to work and thus also capable of engaging into soil maintenance activities.
64
 Originally we had intended this category as an indicator of the number of household members able to
engage in non-farm income. However, when households were asked about the number of household
members that were fit to work it became clear that the households did not distinguish between labor which is
engaged in income generating and non income generating activities. This is because all activities which are
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Looking at the distribution of labor power by oxen ownership (table 4.1), households with
a larger number of oxen have correspondingly many household members fit to work.
Statistical tests indicate the relationship between these two factors is positively correlated
in Tseada Kristan and even more so in Afdeyu (appendix 6).
Workers
St.dev.
Dependents
St.dev.
Total
St.dev.
Table 4.1 Mean household
0
Afdeyu
n=ll
2.0
(1.67)
1.0
(1.10)
3.0
(1.95)
oxen
Tseada K.
n=55
1.8
(1.22)
2.3
(1.63)
4.1
(1.92)
Afdeyu
n=32
3.6
(2.67)
1.8
(1.65)
4.4
(2.06)
size and composition by oxen ownership
l o x
Tseada K.
n=40
2.1
(1.29)
3.3
(2.34)
5.4
(2.86)
2
Afdeyu
n=16
3.6
(2-14)
1.5
(1.67)
5.1
(3.08)
oxen
Tseada K.
n=44
2.2
(1.23)
2.2
(1.71)
4.4
(2.25)
>2
Afdeyu
n=l
5.0
(-)
2.0
(-)
7.0
(-)
oxen
Tseada K.
n=ll
3.0
(1.15)
1.9
(1.64)
4.9
(2.77)
Dependent category includes children, old and disabled
Workers category covers household members fit to work
Source: fieldwork 1997
The distribution of labor by gender head of household and village is shown in table 4.2.
There seems to be a clear difference between the labor power available in the male headed
as opposed to the female headed households (table 4.2). For instance, while more than half
of the female headed households in Afdeyu have 0-1 members that are able to work, only
13 percent of the male headed households are in the same situation. Even though the
difference between gender head of households is not so evident in Tseada Kristan, there
also is a larger percentage of female headed households with only 0-1 workers. This
suggests that female headed households in both study sites have less access to labor.
Whether the restricted access to labor among female headed households coheres with
lower engagement in labor intensive soil maintenance practices such as terracing, will be
elaborated on in the following chapter.
crucial for the livelihood of the households whether directly income generating or not are perceived as work.
For example, there are many activities carried out by children which are not directly income generating, but
never the less play a vital role in the economy of the household - such as herding livestock, fetching water
and collecting animal dung.
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Table 4.2 Mean household size and composition by gender head of household
Workers
Dependents
Total
Female
N=15
1.7 (2.02)
1.0 (1.54)
2.7 (1.76)
Afdeyu
Male
N=45
4.0(1.18)
1.7 (1.42)
5.7 (2.64)
All
N=60
3.4 (2.09)
1.6 (1.44)
5.0 (2.78)
Female
N=34
1.6(1.42)
2.1 (1.54)
3.7 (2.08)
Tseada Kristan
Male
N=116
2(1.11)
2.6(1.98)
4.6 (2.42)
All
N=150
1.9(1.18)
2.5 (1.90)
4.4 (2.37)
Standard deviation in (brackets) Source: fieldwork 1997
As it can be seen in table 4.2, the mean household size is 5 members in Afdeyu, out of
which 3.4 members are fit to work and 1.6 dependents. As for Tseada Kristan, the mean
household size is 4.4 persons constituted by 1.9 workers and 2.5 dependents indicating that
households in Afdeyu have more labor power available65 than Tseada Kristan. This
suggests that households in Afdeyu have more potential to engage in labor intensive soil
maintenance practices.
4.2 Land
Land remains a major means of production in both Afdeyu and Tseada Kristan. Looking at
table 4.3, which shows the distribution of arable land by oxen ownership, there does not
seem to be any obvious coherence between the two factors, except that households without
oxen have less land than households with oxen in both study sites. Likewise, statistical
correlation analysis indicate that the size of the households arable land is not reflected in
their number of oxen (appendix 7).
The amount of arable land allocated is generally very little in both study sites and often
insufficient to support household subsistence needs. According to Anthony et al
(1982:130), between 0.2 to 0.4 hectare of crop land per person is needed to provide a
minimum subsistence needs in Tropical Africa.66 Given that Anthony et a/'s measure is
valid, the average household which consists of 5 persons in Afdeyu needs between 1 and 2
65
 In comparison with Toker Land Husbandry Project's (TLHP 1996:8) findings from Afdeyu of a household
size of 4, our figures seem slightly overestimated. On the other hand, Murtaza's study (1998:143) of four
villages in Hamasien province indicates a slightly higher mean household size of 5.5 members. FAO's (1994)
findings indicate a mean household size of 5 in the Central Highland. The fact that the mean household size
in both study sites is relatively close to the three other estimates contributes to the validity of our findings.
66
 Anthony et al (1982:130) do not specify the contribution of livestock towards full filling minimum
subsistence needs, thus we assume that they are only referring to crop production. Considering that many
farming systems have an integrated livestock component and off farm income, Anthony et al's standards
have shortcomings.
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hectare to fulfill subsistence needs; however the mean size of landholding67 is only 0.63
hectare in this study site. The arable land in Tseada Kristan is also scarce though not as
severe as in Afdeyu. An average household of 4.4 members has 0.9 hectare allotted, while
according to Anthony et a/'s figures such a household size needs between 0.9 and 1.8
hectare.
Table 4.3 Mean size of landholding in hectare holding by oxen category
Land
St.dev.
Ooxen
Afdeyu
n=ll
Tseada K.
n=55
0.4 0.66
0.18 0.41
l o x
Afdeyu
n=32
Tseada K.
n=40
0.7 0.8
0.23 0.37
2 oxen
Afdeyu
n=16
Tseada K.
n=44
0.7 1.3
0.26 0.77
> 2 oxen
Afdeyu
n=l
Tseada K.
n=ll
1.25 1.1
0.73
Source: fieldwork 1997
When calculating the size of land in relation to household members fit to work for each
household individually, 75 percent of the households in Afdeyu and 51 percent in Tseada
Kristan lie below the standards suggested by Anthony et al. These households may
therefore be categorized as households having too little land to fulfill subsistence needs.69
Of course, such measures must be taken with great caution as the minimum size of hectare
needed may fluctuate depending on other factors such as rain, the kind of crops grown,
method of cultivation, access to modern inputs, and also political stability etc. However, in
the case of the central highlands, the standards of Anthony et al seem to be applicable as
several other studies have pointed out that households in this area are generally not able to
cover food consumption needs throughout the year (section 3.5.1), and thus households
have to diversify their income generating sources in order to supplement crop production.
Table 4.4 shows the distribution of land holding size among gender head of households.
On average, female headed households have less land than male headed households. In
67
 The total amount of arable land owned by a household incl. arable land which is left fallow. A holding is
divided into several plots depending on how many soil fertility categories the village land is divided into.
68
 The traditional standard for measuring land is called "tsemdi". One tsemdi is equivalent to the amount of
land which a pair of oxen is able to plow in one day. The standard conversion measure of 1 tsemdi is 0.25 ha,
however the time required to plow must be relative depending on other factors such as topography, soil type
& texture, and livestock quality. Thus converting tsemdi into ha using the standard conversion measure
involves some uncertainty. However, in order to be able to compare our figures with other studies, we have
converted the land size measuring unit tsemdi into hectare despite the methodological pitfalls it involves.
These estimates are based on Anthony's lowest minimum standard criteria of 0.2 ha. pr person.
Considering that the soil fertility ranges from low to medium in the central highlands our estimates are at
least not exaggerated.
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both villages, the mean female headed household have approximately 25 percent less land
allocated than the mean male headed.70
Table 4.4 Size of land holding in hectare by gender head of household
Land in ha.
St.dev
Afdeyu
Female
n=15
0.48
0.95
Male
n=45
0.68
0.98
All
N=60
0.63
1.03
Tseada Kristan
Female
n=34
0.73
0.57
Male
n=116
0.98
0.62
All
N=150
0.93
0.61
Source: fieldwork 1997
The average land holding size in Afdeyu is approximately 2/3 of the size of land in Tseada
Kristan (table 4.4)71. This suggests that while allocation of land may be relatively
egalitarian among households within a given village, the distribution of land between our
two villages is unequal. Therefore, it is not unusual to find disputes among neighboring
villages over land. Whether the relatively smaller landholdings in Afdeyu and among
female headed households result in comparatively more overcultivation, i.e. shorter fallow
than in Tseada Kristan and among male headed households, remains to been explored in
the coming chapter.
4.3 Livestock
We have previously described how livestock plays a central role in the economy of the
mixed farming system in the central highlands. Our main interest lies in exploring how
much livestock is available at household level and not so much in how many number of
e.g. chicken or cows a household has. Thus, this study has applied a general measuring
unit, Tropical Cattle Unit (TCU)72, in the table 4.5 to 4-8 below. We divide livestock into
70
 Considering that female headed households in the traditional Diesa land tenure system are allotted half the
amount of land of male headed households, the uneven distribution between gender head of households is not
surprising for Afdeyu (Ghebremedhin 1996:25).
71
 According to official estimates for Hamasien and Akle Guzai province (FAO, 1994:33) our mean land sizes
in table 4.4 seem to lay reasonable close. Tseada K. may be a little to the high side (0.98 ha.) but Afdeyu
(0.63 ha.) lay within FAO's estimates of 0.60-0.75 ha. The variation in size of land holding in ranges
between 0.12 and 1.25 ha. in Afdeyu whereas in Tseada Kristan it ranges from 0.25 up to 5 ha.
According to Pigot (1992), one tropical cattle unit (TCU) is equivalent to one cow of app. 450 kg.
However, given the feeding strategy of households and the nutritional quantity and quality of vegetation
cover in the central highlands, we calculate one TCU being equivalent to one cow of 300 kg (FAO 1994
annex 10:15). Based on this measuring unit, one ox equals 1.5 TCU (Pigot, one calf = 0,5 TCU, a sheep =
0.087 TCU (FAO 1994 annex 10:4), a goat = 0.063 TCU (FAO 1994 annex 10:4) and a chicken = 0.005
TCU (own estimate).
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three broad categories: cattle (i.e. oxen, cows and calves), small-stock (i.e. goats, sheep
and chickens) and draft oxen.
4.3.1 Cattle
Looking at table 4.5, it shows that the mean number of cattle rises with the number of oxen
owned in both villages, which indicates that more cattle dung is available among
households with more oxen. As cattle is the preferred source of animal dung in the central
highlands, we will look at the relationship between access to cattle and the utilization of
cattle dung as manure and household fuel in chapter 6.
Cattle
St.dev.
Table 4.5 Mean number
Ooxen
Afdeyu
n=ll
Tseada K.
n=55
0.09 0.82
0.04 0.29
1
Afdeyu
n=32
1.66
0.38
of cattle in TCU by
ox
Tseada K.
n=40
2.33
0.47
oxen category
2 oxen
Afdeyu
n=16
3.59
0.31
Tseada K.
n=44
5.56
1.53
> 2 oxen
Afdeyu
n=l
15.0
Tseada K.
n=ll
8.14
0.75
Source: fieldwork 1997
On average, male headed households have more cattle that female headed households and
households in Afdeyu have less cattle that in Tseada Kristan (table 4.6). This indicates a
restricted access to cattle dung among households in Afdeyu in comparison to Tseada
Kristan and among female headed households in comparison to male headed households.
Table 4.6 Mean no. of cattle in TCU by gender head of household
Mean cattle
St.dev.
Afdeyu
Female
n=15
1.00
0.71
Male
n=45
2.48
1.29
All
N=60
2.11
1.19
Female
n=34
2.25
1.37
Tseada Kristan
Male
n=116
3.41
1.45
All
N=150
3.15
1.44
Source: fieldwork 1997
4.3.2 Small-stock
Apparently, the number of small-stock also rises with the number of oxen owned. Small-
stock provide a regular source of cash (financial capital), because this type of livestock is
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relatively easily exchanged on the market73 (de Waal 1990:18; MOA & UOA 1996:127).
Households with many small-stock may therefore be in a better position to buy commercial
fertilizer and by-products for animal fodder, which will be examined in section 5.1 and 6.3
respectively. The fact that both the number of cattle and small-stock increase with the ox
category suggest that oxen may be used as an indicator of access to this type of capital.
Table 4.7 Mean number of small-stock in TCU by oxen category
Smallstock
St.dev.
0 oxen
Afdeyu
n=ll
Tseada K.
n=55
0.07 0.17
0.07 0.21
1 ox
Afdeyu
n=32
Tseada K.
n=40
0.08 0.48
0.19 0.49
2 oxen
Afdeyu
n=16
Tseada K.
n=44
0.82 0.73
0.50 0.68
> 2 oxen
Afdeyu
nsl
Tseada K.
n=ll
0.65 1.74
1.05
Source: fieldwork 1997
Overall, female headed households have much less small-stock than male headed
households (table 4.8), which supports the general picture so far of female headed
households as having less resources (i.e. labor, land, cattle). The mean number of small-
stock per household is more than four times as much in Tseada Kristan as in Afdeyu
indicating that households in Afdeyu, in this respect, have less access to financial capital
(table 4.8).
Table 4.8 Mean number of small-stock in TCU by gender head of household
Smallstock
St.dev.
Afdeyu
Female
n=15
0.15
0.17
Male
n=45
0.44
0.35
All
N=60
0.36
0.31
Tseada Kristan
Female
n=34
0.44
0.56
Male
n=116
0.56
0.56
All
N=150
0.53
0.56
Source: fieldwork 1997
73
 Small stocks are easier sold in the market than large livestock such as oxen and cows, due to the lower
price. As such one or two small-stock can be sold regularly. Besides, it is generally accepted that households
sell their least important animals first. Thus, small-stock are usually sold first followed by cows and last
oxen. Oxen are extremely important as draught power and cows also play a central role as they provide
draught oxen and milk products for the children.
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4.3.3 Draft oxen
In a plow based agriculture, access to draft animals is as crucial as having land. The
number of oxen owned by a household is critically important. A minimum of two oxen is
needed to be self-sufficient for plowing in the central highlands.
There seems to be a severe shortage of draft animals in both study sites. On a aggregated
level, approximately 70 percent of the surveyed households do not have enough oxen to
plow their own land (figure 4.1). Comparatively, more households in Tseada Kristan are
self-reliant with oxen than in Afdeyu, and the proportion of the female headed households
that lack draft oxen is generally higher than that of male headed households in both study
sites (figure 4.1).
Figure 4.1 Households with less than two oxen by gender head of household
90% -
80% -
70% -
60% -
50% -
40% -
30% -
20% -
10% -
0% -
• • ,
• H
- •
- •
- •
- •
- •
- •
•—i •—i
— i — • • — I 1 ^^M 1
• Afdeyu
•Tseada K.
Female Male All
Source: fieldwork 1997
Looking at the distribution of oxen among gender heads of households in table 4.9, it can
be seen that female headed household own less oxen than male headed households. In
Afdeyu, the average male headed household has nearly twice as many oxen as the female
headed household, whereas in Tseada Kristan they have app. 1/3 more. As for the
distribution of oxen between the two study sites there is not any difference, i.e. the average
household has 1.1 oxen in both Afdeyu and Tseada Kristan (table 4.9)74.
Our mean number of oxen per household (1.1) is larger than both Murtaza's study (1998:124) from
Hamasien province and TLHP (1996:18) study from Afdeyu which both indicate a mean number of less than
one oxen per household. However, considering that our local enumerators had extensive knowledge of the
locality and the fact that previous personal fieldwork experience in the central highlands has shown that
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Table 4.9 Mean number of draft oxen by gender head of household
Oxen
St.dev.
Afdeyu
Female
n=15
0.70
0.62
Male
n=45
1.30
0.69
All
N=60
1.12
0.72
Female
n=34
0.80
1.26
rseada Kristan
Male
n=116
1.20
1.07
All
N=150
1.13
1.13
Source: fieldwork 1997
There are a number of arrangements open to the households with insufficient draft power
whereby they can get access to other peoples oxen. However, many of these arrangements
increase vulnerability75 of the household over the longer term. The different types of draft
arrangements in the central highlands involve exchange of crops, oxen, cash and labor for
ox-time (fieldwork 1997). The complex set of draft access arrangements reflects a long-
standing pattern of recurrent oxen shortages in the central highlands of Eritrea. The sort of
oxen arrangement households enter into is dictated by 1) the number of (trained) oxen
owned and 2) access to other resources which may be exchanged for ox-time.
Oxen sharing, whereby two households with one oxen join together to plow, is the most
common arrangement in both study villages. In fact, 73 percent of the households in
Afdeyu and 44 percent in Tseada Kristan cope with their oxen shortage this way (table
4.11). Ox sharing is usually practiced by households that already own or have access to
one ox (table 4.10). However, also households with two oxen, one of which is unfit or not
trained to plow may joint together with another household's well trained ox in order to
prepare their land. This points out that while the number of oxen per household is
generally an indication of wealth, when it comes to draft power, it the quality of ox(en) is
also a determining factor. The major productivity drawback to the mutual oxen sharing
arrangement is that each household have reduced access to oxen, meaning that these
households have less probability of exploiting the optimal plowing timing (McCann
1987:253; Boesen & Ravnborg 1992:39-40).
underestimation of oxen is more common for the respondents than over estimation, it is likely that our mean
oxen values are valid. Thereby we do not suggest that figures of the other studies are less reliable.
Vulnerability is here understood as "not lack or want but defenselessness, insecurity and exposure to risks,
shocks and stress" (Chambers 1989 cited in Davies 1996:21)
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Ox sharing
Sharecrop
Renting
Other
The columns
Table
0
Afdeyu
n=ll
45
36
0
9
4.10 Means
oxen
Tseada K.
n=55
31
15
13
24
do not add up to 100 9,
, of dealing with draft
1
Afdeyu
n=32
88
13
3
0
ax
Tseada K.
n=40
78
5
23
50
•> as respondents may have
shortage by
2 oxen
Afdeyu
n=16
oxen category
Tseada K.
0
13
6
0
answered yes
n=44
0
0
2
20
in more 1
> 2 oxen
Afdeyu
n=l
0
0
0
0
Tseada K.
n=ll
0
0
0
9
han one category
Percentage of households per arrangement Source: fieldwork 1997
In sharecropping arrangements, households promise a share, usually a third of the harvest,
in exchange for the use of an ox-team, and a quarter or less if they only rent one ox (Cliffe
1989:384). This type of arrangement also makes households vulnerable as it reduces
households' chances of building up grain stock76 and thus they have limited prospects of
surmounting food insecurity. Thus, it may be argued sharecropping households are more
inclined to over-cultivate in order to fill the food gab.
The percentage of households without oxen that sharecrop is relatively higher than in the
other oxen categories (table 4.10), probably because households without oxen often also
have limited access to other resources which may be exchanged for ox-time such as labor
(section 4.1) and financial capital (i.e. small-stock in section 4.3.2). Typically, households
without oxen will only gain access to one ox through sharecropping which they then pair
with another household with only one ox in a mutual sharing arrangement (McCann
1987:255).
Due to the lack of resources (livestock, cash and labor) and the traditional division of labor
which restricts women from plowing oxen poor, female headed households are often
compelled to enter into sharecropping arrangements. Thus in both villages, the percentage
of female headed households that enter into such arrangements is considerably higher than
the percentage of male headed households that do so. In Tseada Kristan more than five
times as many female headed households sharecrop as male headed households, and in
Afdeyu more than three times as many female headed households do so (table 4.11). At
6
 On the other hand sharecropping also means paying a smaller share of the crop in bad years, which makes
it a relatively better arrangement than paying a fixed price/amount in case of harvest failure
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village level, the percentage of households in Afdeyu that enter into sharecropping
arrangements is more than twice the percentage in Tseada Kristan (table 4.11).
Table 4.11 Means of dealing with draft shortage by gender head of household
Ox sharing
Sharecrop
Renting
Other
Afdeyu
Female
n=15
53
40
0
7
The columns do not add up to
Male
n=45
83
13
7
0
All
N=60
73
22
4
2
100 % as respondents may have
Tseada Kristan
Female
n=34
Male
n=116
47 43
23 4
17 15
13 39
answered yes in more than one
All
N=150
44
9
15
32
category.
Percentage of households per arrangement Source: fieldwork 1997
In other cases, oxen may be rented from households that have extra ox(en) or households
who are unable to use their own ox(en) due to illness or injury. This kind of arrangement is
only utilized by 4 percent of the households in Afdeyu, whereas 15 percent in Tseada
Kristan practice it (table 4.11). This suggests 1) that households in Tseada Kristan have
better access to cash and 2) that the number of households in Tseada Kristan with extra
oxen is greater than in Afdeyu.
Other less used draft arrangements include exchange of labor for ox-time and charity
arrangements. Households with insufficient oxen may exchange their labor with another
household at the rate of 3 days of human labor for one day of plowing. More commonly,
the farmer only obtains the use of the oxen and does his own plowing at the rate of 2 days
of human labor for one day of oxen use (McCann 1987:253). The last option is not open to
female headed households without any sons that are capable of plowing, because the
prevailing gender division of labor prevents women from plowing (section 3.3.2).
Obviously, such a labor-oxen exchange system also reduces the flexibility in the timing of
cultivation.
Households on the verge of dispersal may have their land plowed by relatives or neighbors.
However, this is not an institutionalized arrangement but rather a gesture of good will from
others (McMann 1987:253).
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Finally, some of the households in Tseada Kristan use tractors for land preparation.
However, the price for renting a tractor excludes the most of the households from utilizing
this option (fieldwork 1997). In Afdeyu, the mountainous landscape makes the use of
tractors virtually impossible. Thus, none of the households in Afdeyu stated that they use
tractors. Even if the use of tractor was possible, the number of households that have the
income to hire a tractor is most likely much lower than those in Tseada Kristan, as
households of Afdeyu have less access to almost all of the key resources.
4.4 Summary
This chapter attempted to explore the distribution of key resources (i.e. labor, arable land,
cattle, small-stock) among households according to gender head of households and oxen
ownership stratification.
Based on our findings, we may conclude that households with fewer oxen have less labor,
cattle and small-stock, but not arable land.77 Given this coherence, we expect that
households with lower number of oxen (0-1 oxen) may be less likely to 1) engage in labor
intensive soil maintenance practices as they have less labor 2) engage in manuring as their
mean number of cattle manure is relatively smaller and 3) apply commercial fertilizer as
the number of small-stock that they own is comparatively limited.
As we had expected, female headed households on average have relatively less of all key
resources than male headed households in both study sites. We may thus anticipate that
engagement in soil maintenance practices is more limited among female headed
households than the male headed ones.
Even though households in Afdeyu and Tseada Kristan on average have the same number
of oxen, households in Afdeyu have comparatively less access to both land, cattle and
small-stock. This indicates that households in Afdeyu have less resources available for
manuring and buying commercial fertilizer. On the other hand, households in Afdeyu have
relatively more labor which among other may be utilized in labor intensive soil
maintenance practices than households in Tseada Kristan.
77
 Given the egalitarian principles behind the last redistribution of arable land in both study sites (section
3.3.3), it is not surprising that there is not any relationship between the size of landholdings and the number
of oxen owned.
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It is mostly households without oxen and female headed households that enter into
sharecropping arrangements, which in the long run only increase the vulnerability of these
already disadvantaged households.
As we have suggested, the ability of the farming households to adopt soil maintenance
measures depend on their access to the appropriate resources. In the coming two chapters,
we will explore the relationships between households' access to key resources and their
engagement, or lack of such, in practices that improve their arable soil.
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5 SOIL MAINTENANCE
Using the previous chapter as a background for analysis, this chapter directly explores the
coherence between households' access to key resources and their investments in various
soil maintenance practices. The households in the study sites carry out many and different
types of soil maintenance practices. We distinguish between soil fertility78 practices in
section one and soil conservation practices in section two, both of which are aimed at
reducing degradation of arable land. The term "soil fertility" refers to practices which are
carried out to replenish nutrients and soil organic matter (SOM) while "soil conservation"
refers to practices that are carried out in order to prevent movement of the top soil to
unwanted places.
The first section explores households' various soil fertility practices in relation to their
access to the key resources which we have examined in chapter 4. These practices include
manuring, fallowing, the use of commercial fertilizer and crop rotation. Manuring will be
discussed separately in the next chapter because the use of animal dung is profoundly
interwoven with households' need of cooking energy in the study sites.
Section two seeks to examine households' endeavor to conserve soil through terracing,
stone diversion, tree planting and contour plowing in relation to their access to key
resources.
In short, by comparing households access to key resources with the actual soil maintenance
practices carried out, we will attempt to answer hypothesis 1) households with less oxen
have less access to other key resources thus they invest less in soil maintenance practices
and 2) female headed households have less access to key resources thus they invest less in
soil maintenance practices.
Furthermore, throughout this chapter, we will also attempt to cast a light on the households
knowledge of the different soil maintenance practices and their effect on the land, because
we consider this awareness as prerequisite for taking action.
78
 Soil fertility is defined as "The quality of a soil that enables it to provide nutrients in adequate amounts
and in proper balance for growth of specified plants and crops" (SSSA 1997; cited in M0berg & Jensen
1998).
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5.1 Soil fertility management
The households in both study sites seem to be well aware of the phenomenon soil fertility,
and the maintenance of soil fertility remains a fundamental agricultural task. Households
make use of various measures to maintain the fertility of their arable land. Besides
manuring, which is discussed separately in chapter 6 - crop rotation, fallowing and
application of commercial fertilizer constitute the major soil fertility maintenance
practices. Burning of crop residues remains a peripheral fertility measure, because crop
residues are primarily used as livestock fodder, whereas application of ash from bio-fuels79,
incorporation of plant residues in the soil, mulching, application of green manure and
compost are not employed at all (fieldwork 1997).
On an aggregated level, the mean number of soil fertility measures applied increases with
the oxen category in Afdeyu (table 5.1). However, the same trend is not apparent in Tseada
Kristan. Because of this difference, we are in this regard neither able to verify nor reject
hypothesis 1.
Table 5.1. Mean number of soil fertility measures by oxen ownership
Mean
St.dev.
Ooxen
Afdeyu
n=ll
Tseada K.
n=55
2.7 2.1
0.48 0.46
l o x
Afdeyu
n=32
Tseada K.
n=40
3.6 3.1
0.50 0.50
2 oxen
Afdeyu
n=16
Tseada K.
n=44
3.8 3.1
0.50 0.50
> 2 oxen
Afdeyu
n=l
Tseada K.
n=ll
4 2.8
0.49
Source: fieldwork 1997
Looking at the distribution of applied mean measures between gender heads of households
in table 5.2, the female headed households on average employ less soil fertility
maintenance measures than the male headed households. This trend coheres with the fact
79
 In many low income countries, ashes from bio-fuels burnt as household fuel are spread on the soil in the
homegardens surrounding the homestead, thus, at least, some of the major nutrients e.g. phosphorous (P) and
potassium (K) are returned to the soil. However, this is not practiced in the study sites as the arable fields are
scattered and often located far away from the homesteads thereby discouraging the farmers to carry the ashes
so far. Conversely, Murtaza's study of three villages in Hamasien province indicates that approximately 17
percent of the households use ashes as means to restore soil fertility. However, we maintain that the use of
ashes as soil fertilizer is limited, as they are also used for alternative purposes such as: 1) cleaning pots and
pans, 2) construction of furniture and large cereal storage pots and 3) spreading on the floor to absorb liquid
when something has been spilled.
The soil fertility measures included in this table are manuring, burning of stalks, fallowing, legumes,
commercial fertilizer, intercropping, crop-rotation and a few households also mentioned terracing as a means
to maintain soil fertility.
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that female headed households have relative less key resources (chapter 4) thereby
supporting hypothesis 2.
Table 5.2 Mean number of soil fertility measures by gender head of household
Mean
Stdev.
Afdeyu
Female
n=15
Male
n=45
All
N = 60
3.3 3.4 3.4
1.22 0.75 0.88
Tseada Kristan
Female
n=34
Male
n=116
All
N = 150
2.1 2.9 2.7
1.80 1.49 1.59
Source: fieldwork 1997
Even though households of Afdeyu have less land, cattle and small-stock than those in
Tseada Kristan, table 5.2 shows that they on average employ more soil fertility
maintenance measures, which questions our first working hypothesis. The difference
between the villages maybe ascribed to variation between the villages with regards to
quantity as well as quality of arable land (i.e. topography). It may be argued that
households in Afdeyu are more motivated to employ more soil fertility measures because
they have significantly less arable land (section 4.2) and also because they face
considerable top soil loss due to water erosion (section 3.2.3). Moreover, the fact that
households in Afdeyu have relatively more labor may also be an important factor.
Table 5.3 reveals differences between households' ownership of oxen and the extent to
which the various soil fertility measures are employed. As it can be seen, the percentage of
households that use commercial fertilizer to improve soil fertility increases with the
number of oxen owned in both villages, except for the category of households with more
than 2 oxen in Tseada Kristan. This deviation may be a reflection of the fact that these
households have relatively more cattle than households with only two oxen and thus may
be able to manure their land sufficiently by using cattle dung. When it comes to crop
rotation and fallowing, there is no apparent pattern with regards to households' oxen
ownership affiliation. These findings question working hypothesis 1, as it is only the
percentage of households in Afdeyu which apply commercial fertilizer that rises with their
possession of oxen.
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Table 5.3 Major soil fertility measures by oxen ownership and village
Fertilizer
Crop rot.
Fallow
Ooxen
Afdeyu
n=ll
Tseada K.
n=55
73 42
73 24
91(91)81 51 (96)
1 ox
Afdeyu
n=32
Tseada K.
n=40
81 60
84 50
88 (88) 75 (95)
2 oxen
Afdeyu
n=16
Tseada K.
n=44
94 66
100 43
94 (94) 70 (93)
2>oxen
Afdeyu
n=l
Tseada K.
n=ll
100 64
100 27
100(100) 64(100)
The respondents may answer yes in several categories thus the percentage in the columns does not add up to 100 %.
Percentage of households per practices Source: fieldwork 1997
Generally, when the different soil fertility measures are compared according to gender in
table 5.4, the percentage of female headed households that engage in the various soil
fertility practices is smaller than male headed households, except for fallowing in Afdeyu.
The high percentage of female headed households in Afdeyu that use fallowing is
interesting, because these households on average have very little arable land, (table 4.4)
which according to hypothesis 2 should compel them to fallow less. The comparative
smaller percentage of female headed households that apply commercial fertilizer coincides
with their limited access to cash i.e. they have less small-stock (table 4.8) and with the fact
that the payment females receive from non-farm work is generally lower than that of males
(section 3.5.2).
Table 5.4 Major soil fertility measures by gender head of household
Fertilizer
Crop rotation
Fallow
Afdeyu Tseada Kristan
Female
n=15
Male
n=45
All
N = 60
67 89 83
80 89 87
100 (100) 87 (87) 90 (90)
Female
n=34
Male
n=116
All
N = 150
44 59 55
29 39 37
29 (94) 74 (95) 64 (95)
The respondents may answer yes in several categories thus the percentage in the columns does not add up to 100 %.
Percentage of household per practice Source: fieldwork 1997
The use of crop rotation accounts for the most obvious difference between the villages. In
this respect, the percentage of households in Tseada Kristan employing this measure is
considerable lower than in Afdeyu. This difference is however misleading, as the majority
81
 The percentage of households in Tseada Kristan that practice fallowing actually is not less than households
in Afdeyu when households were asked for how many years they fallow in comparison to the number of
years of consecutive cultivation. This is because some households in Tseada Kristan perceive fallowing as a
means increasing soil moisture rather than soil nutrient replenishing means.
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of the households in both study sites use crop rotation, even though they may not conceive
it as a soil fertility maintenance/enhancing measure. For instance, Murtaza's study in
Hamasien province (1998:137) shows that crop rotation is the most frequently practiced
soil fertility technique - used by as much as 85 percent of the respondents. Due to this
disparity, we are not able to conclude anything about the frequency of crop rotation
employment in the study sites.
While other studies (Murtaza 1998:137; Bojo 1996:11; Ghebremedhin 1992:136) indicate
that fallowing has become a rare practice among households in the highlands of Eritrea,
our findings show that 90 percent of the households in Afdeyu use fallowing as a means to
restore soil fertility and two thirds of the respondents in Tseada Kristan do the same.
Surprisingly, a larger percent of the households in Afdeyu use commercial fertilizer, even
though this type of land investment requires access to cash, and our findings so far have
suggested that households in Afdeyu, except for labor, have comparatively less resources
available. On the other hand, the households in Afdeyu may be more motivated to invest in
commercial fertilizer because the soil is probably more exhausted in Afdeyu due to higher
exposure to water erosion.
5.1.1 Crop rotation
One of the methods households use to maintain soil fertility, is diversifying crops so they
match the different soil conditions and climatic variation. Crop rotation sustains fertility by
fixing nitrogen through planting legumes. Selection of crops is based on their positive
characteristics such as drought resistance, quick-maturing, moisture-efficiency and
nitrogen-fixation (fieldwork 1997). The use of different crop varieties also serve to
minimize the risks involved in agricultural production in a semi-arid areas, as well as to
break the reproduction cycle of crop specific pests. Kibreab (1996:182) explains about
diversification of crop in the highland of Eritrea: "high-yielding but slow maturing crops
were mixed with fast maturing but low-yielding crops. If the rains were good the high-
yielding crop eclipsed the low yielding, but if the rains were poor, the low-yielding and fast
maturing crop met the subsistence needs of the farmers"
Rotation patterns are carefully planned according to crops' nutrient needs and the
availability nutrients in the soil. As one group interview participants explained in Tseada
Kristan :
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"We grow crops according to their need of nutrient. For instance, first we grow wheat on
land which has just been fallowed, because wheat has the least demand for nutrients
compared with the other crops that we grow, and then it could be barley or inter cropping
of wheat and barley, and then legumes and the final crop before fallowing is taff, because
it has the highest demand for nutrients"
Crop rotation follows certain standardized patterns. Table 5.5 and 5.6 show the order of
crop rotation in both study sites. Except for some slight differences, the two study sites'
crop rotation resembles each other in that barley and wheat dominate, and legumes,
intercropping and fallowing are integrated components of the systems.
Alternatives
Alternative 1
Alternative 2
Alternative 3
Table
Year 1
Barley
Barley
Barley
5.5 Crop rotation
Year 2
Wheat
Horse bean
Wheat
pattern in Afdeyu
Year 3
Hanfets'
Wheat
Hanfets
Year 4
Fallow
Fallow
Fallow
Source: TLHP 1996 & fieldwork 1997
Alternatives
Alternative 1
Alternative 2
Alternative 3
Table
Yearl
Wheat
Barley
Maize
5.6 Crop rotation
Year 2
Hanfets
Barley
Barely
pattern in Tseada
Year 3
Chickpea
Barley
Horse bean
Kristan
Year 4
Taff
Taff
Taff
Year 5
Fallow
Fallow
Pulses/Fallow
Source: Bojo 1996 & fieldwork 1997
According to table 5.5 and 5.6, legumes are an integrated component of the crop rotation
pattern in both Afdeyu and Tseada Kristan. However, when we asked whether the
households grow legumes with the intention of improving soil fertility, very few of them
answered yes83. When cross checking the data, 98 percent of the households in Afdeyu
stated they grow beans or lentils, whereas only 11 percent did so in Tseada Kristan, which
suggests that contribution of legumes to the restoration of nutrient lost is higher in Afdeyu.
The divergence between the percentage of households in Afdeyu that actually grow
legumes and the percentage that consider legumes as a soil maintenance technique may be
an indication of that they grow legumes out of tradition - i.e. they grow them because their
1
 Hanfets is the local name for inter cropping of barley and wheat in order to minimize yield loss from pests.
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fathers and grand fathers did - without knowing and/or questioning "why". It is also
possible that some households grow legumes because they have observed the positive
impact on the upcoming crop without directly relating it to the quality of the soil.
Regarding farmers knowledge of legumes as a technique to maintain soil fertility, a
participant during the group interview in Tseada Kristan explained:
"As a result of lack of cultivable land, we grow legumes in order to improve the fertility of
the soil. Using this method we prolong the number of years that the land should be
cultivated or at times even skip fallowing years(...) our forefathers used this method and it
is knowledge that is transferred from generation to generation up to this day"
5.1.2 Fallowing
Short fallow is practiced as an integral part of the crop rotation plan in both Afdeyu and
Tseada Kristan. Over the course of time, the length of fallow periods in comparison with
the number of years of continuous cultivation has decreased due to the increasing pressure
on land in the central highlands. According to Kibreab (1996:183 citing BMA 1944), the
typical fallow rotation pattern in the highlands used to be 3 years cultivation followed by 2
years fallow whereas now the ratio is typically reduced to 3:1. Regarding this development
Kibreab (1996:183) explains, "(...)the frequency of fallowing as well as the duration of
fallow periods was determined by the conditions of supply and demand for land. " During
the group interview in Afdeyu, farmers explained how shortened fallow period is
considered a direct result of shortage of land:
"We know that if we leave it (fallow) for 3-4 years it is very good for the land because it
rests, but now we have scarcity of arable land, therefore we cannot afford to let our land
rest for more than one year. For instance, people that have got arable land in the lowlands
fallow their land between 3-5 years because there is no shortage of cultivable land, but
here the situation is different".
When farmers were asked why they incorporate fallowing in their crop rotation, their
remark was that the soil, after having been cultivated for a number of consecutive years,
needs to "rest" (group interviews 1997). They also explained that the longer the soil
83
 It was not until the interviews in both villages had been conducted and we started to process the data that
this apparent contradiction was understood.
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"rests" the better it recovers. These statements suggest that farmers are well aware of the
positive effect of fallowing, but they have been compelled to skip or shorten fallowing due
scarcity of arable land.
According to our survey, the majority of households in both study sites cultivate their land
for 3 years consecutively and leave it fallow for one year. However 13 percent of the
households in Tseada Kristan deviate by fallowing for more than one year.
Table 5.7 Fallowing length in relation to mean no. of key resources in Tseada Kristan
Fallowing length, n =150
A:lyear,87%
B:>lyear,13%
T-test (A & B)
Oxen (no.)
1.08(1.053)
1.26(1.293)
P= 0.2963
Landholding (ha)
0.92 (0.487)
0.98(1.124)
P= 0.4274
Labor
1.88(1.214)
1.95(1.701)
P=0.4174
Small-stock (TCU)
2.81 (1.379)
13.42(7.096)
P= 1.O55E-6
Standard deviation in (brackets) Source: fieldwork 1997
In quest of reason(s) why these households in Tseada Kristan deviate by fallowing for
more than one year, the distribution of key resources among these households was
examined in comparison to the households that only fallow for one year. Table 5.7 shows
that the households that fallow for more than one year on average possess more key
resources than the households that fallow only for a period of one year. Of the 13 percent
that fallow more than a year, 35 percent are female headed households, and 45 percent are
households without oxen. This indicates that households ability to fallow for over one year
is linked to their access to key resources.
5.1.3 Commercial fertilizer
In order to boost crop production, the government of Eritrea has since independence
encouraged farming households to use commercial fertilizer by subsidizing the price (Bojo
1996:13). Generally, farming households recognize the potentials as well as limits of
applying commercial fertilizer. Even though a relatively high percentage of the households
responded that they use commercial fertilizer, the amount they use on a yearly basis is still
very little (table 5.8 and 5.10), and most likely insufficient to compensate for the nutrient
losses due to the nutrient exports, through harvest and the limited recycling of organic
matter through crop residues/dung.84
84
 Besides while the application of NP and NPK fertilizer (commercial fertilizer) results in increased yields
for some years, in the long rung it leads to decreasing base saturation, acidification of the soil, and drop in
pH. These phenomena, associated with the use of N fertilizers are characterized by increasing K deficiency,
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The limited use of commercial fertilizer is mainly due to two factors. 1) Commercial
fertilizer requires cash (or access to credit) and even though it is subsidized, a considerable
amount of households - especially those headed by females - may be expected to be
excluded on this basis. Informal loans seem to be the only source of credit. Around 50
percent of the respondents in both study sites have access to informal loans (fieldwork
1997), however, the money they borrow may be used for other competitive purposes such
as food, school fees, clothes, medicine etc.. 2) Uncertain rainfall is the other limiting factor
of applying commercial fertilizer. Farmers of Tseada Kristan explained during group
interview that applying commercial fertilizer is not only expensive but also risky when
unreliable rains and recurrent droughts are common: "...as long as there is a scarcity of
rain, we can not use commercial fertilizer because without adequate rain commercial
fertilizer burns the crop, and above all most of us are poor and cannot afford it"
(fieldwork 1997).
Table 5.8 shows the relationship between quantity of commercial fertilizer applied and
number of oxen owned by the households. Except for households with more than two oxen
in Tseada Kristan, the amount of fertilizer applied rises with the oxen category. This
supports our assumption that households with more oxen have better access to cash
through small-stock and thus are able to apply greater quantities of fertilizer.
Table 5.8. Mean amount of commercial fertilizer (kg ) by oxen ownership
Fertilizer
Stdev.
0 oxen
Afdeyu
n=ll
Tseada K.
n=55
10.5 17.5
16.8 31.65
1
Afdeyu
n=32
19.9
18.46
ox
Tseada K.
n=40
36.1
47.96
2 oxen
Afdeyu
n=16
25.9
21.46
Tseada K.
n=44
50
48.99
2>oxen
Afdeyu
n=l
Tseada K.
n=ll
50 45.5
61.87
Source: fieldwork 1997
As we had anticipated, table 5.9 shows that female headed households, particularly in
Afdeyu, apply less fertilizer than male headed households. This reflects among others that
the female headed households are short of cash and this coheres with the female headed
households' mean small-stock ownership (table 4.8).
decreasing pH and occurrence of Al toxicity. Application of organic matter such as green manure, crop
residues, compost or animal manure counteract the negative effect of commercial fertilizer (Pichot et al 1981
cited in Strangel 1993:51) Murwira et al 1995:133).
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Table 5.9. Mean amount of commercial fertilizer (kg) applied by gender head of household
Fertilizer
St.dev.
Afdeyu
Female
n=15
Male
n=45
All
N = 60
5.9 25.1 20.3
8.77 19.95 19.57
Tseada Kristan
Female
n=34
Male
n=116
All
N = 150
23.3 39.5 35.8
39.90 45.26 44.60
Source: fieldwork 1997
The mean amount of commercial fertilizer applied per household in Afdeyu is
approximately two thirds of the amount in Tseada Kristan (table 5.9). This indicates that
replenishment of nutrients by mineral fertilizer usage is more limited in Afdeyu where
access to financial capital in the form of small-stock also is more limited than in Tseada
Kristan.
5.2 Soil conservation management
"No expensive European engineers are required for this work, as the natives thoroughly
understand terrace cultivation and irrigation, and hardly waste a drop of water"
(Wylde 1901; cited by Kibreab 1996:182)
This was Wylde's impression when he visited the highlands of Eritrea in 1890's. His
observation testifies that soil erosion has been a problem for a long time and people of this
area have been taking measures to control it for centuries. During our survey, we witnessed
vast areas of common land and arable fields terraced in both study sites. Besides terracing,
the households in the study sites also employ stone diversion and contour plowing to
combat erosion.
Table 5.10 shows that the mean number of soil conservation measures applied does not
increase with the number of oxen owned, thereby challenging research hypothesis I.85
When analyzing the mean number of soil conserving measures carried out in relation to
gender head of household in table 5.11, there are noticeable differences in Afdeyu. Here,
male headed households on average apply nearly twice as many conservation measures that
the female headed households. This seem to cohere with the fact that female headed
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households in Afdeyu have relatively less key resources (chapter 4). As for Tseada Kristan
the difference between gender head of households is relatively small, i.e. the male headed
households on average employ 10 percent more measures to conserve soil.
Table 5.10 Mean no. of soil conservation measures by oxen ownership
Mean
St.dev.
Ooxen
Afdeyu
n=ll
Tseada K.
n=55
1 1
0.44 0.47
l o x
Afdeyu
n=32
Tseada K.
n=40
1.5 1.5
0.49 0.49
2 oxen
Afdeyu
n=16
Tseada K.
n=44
1.5 1.3
0.49 0.49
> 2 oxen
Afdeyu
n=l
Tseada K.
n=ll
1 1.2
0.48
Contour plowing excluded.' Source: fieldwork 1997
Table 5.11 Mean number of soil conservation measures by gender
Mean
St.dev.
Afdeyu
Female
n=15
Male
n=45
All
N = 60
0.9 1.6 1.4
0.43 0.49 0.48
Tseada Kristan
Female
n=34
Male
n=116
All
N = 150
0.9 1.1 1.08
0.47 0.48 0.48
Contour plowing excluded Source: fieldwork 1997
Likewise, figure 5.1 shows that the largest group of households which are not engaged in
any kind of soil erosion controlling measures belong to the female headed households,
particularly in Tseada Kristan. These findings support our hypothesis that female headed
households with less access to key resources employ less soil maintenance practices.
Figure 5.1. Number of soil conservation measures by gender
A f d e y u T s e a d a K r i s t a n
85
 I.e. households with less oxen have less access to other key resources thus they are less engaged in soil
maintenance practices
86
 As we do not have any data from Tseada Kristan on contour plowing we have chosen to exclude this soil
conservation measures in tables 5.12 and 5.13 as well as figure 5.1, in order not to distort the means.
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On average households in Tseada Kristan employ approximately 33 percent less soil
conservation measures than households in Afdeyu (table 5.12), which is interesting,
considering that households in this village have comparatively more land, cattle and small-
stock (chapter 4). Moreover, figure 5.1 shows that the percentage of households that do not
carry out any kind of soil erosion controlling measures is much higher in Tseada Kristan
than in Afdeyu. This difference between the villages' engagement in soil conservation
practices probably reflects a higher level of motivation among households in Afdeyu
because this area is severely exposed to soil erosion. In fact Kibreab's study (1996:178) of
different Eritrean ethnic groups soil conservation methods suggest that: "... (development
of) conservation methods was determinant mainly by whether the area they occupied was
erosion-prone."
Interestingly, when examining the percentage of farming households that carry out two
different types of soil conservation measures in relation to labor in table 5.12, the
correlation evidently is strong (^7= 0.9708). As for the correlation between mean number
conservation measures and mean number of oxen per household it is less conclusive {p%z —
0,4741) than the correlation between labor. This indicates that labor is determining factor
for engagement in soil conservation practices.
Table 5.12 Correlation between available labor and no. of soil conservation measures.
Households carrying out
two soil conserving
activities. %, %
Mean no. of household
members fit to work, y
Mean no. of oxen, Z
Women
20.2
1.7
0.6
Afdeyu
Men
n = 45
55.6
4.0
1.3
All
N = 60
48.3
3.4
1.1
Women
n = 34
26,5
1.6
0.7
Tseada
Men
21.6
2.0
1.3
Kristan
AH
1 = 150
24.7
1.9
1.1
Correlation
coefficient, p
pxy= 0.9708
pxz = 0.4741
Source: field work 1997
Table 5.13 shows the dominant methods of soil conservation by oxen categories.
Apparently, the percentage of households that engage in terracing, contour plowing, stone
diversion and tree planting is not lower among the households with less oxen.
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Table 5.13 Major soil conservation measures by ownership of oxen
Terracing
Contour p.
Diversion
Plant trees
Nothing
0 oxen
Afdeyu
n=ll
72.7
81.8
27.3
0
27.3
Tseada K.
N=55
63.6
NA
32.7
0
30.9
1
Afdeyu
n=32
96.9
100
53.1
0
0
ax
Tseada K.
n=40
80.0
NA
42.5
0
30
2 oxen
Afdeyu
n=16
100
93.8
50
0
6.3
The percentage in the columns does not add up to 100 % as the respondents may
Tseada K.
n=44
79.5
NA
34.1
0
18.2
> 2 (
Afdeyu
n=l
100
100
0
0
0
>xen
Tseada K.
n=ll
54.5
NA
36.4
0
27.3
answer yes in several categories
Percentage of households per practice Source: fieldwork 1997
On the contrary, there seems to be a coherence between the soil conservation techniques
applied and the gender affiliation of households, i.e. generally a lower percentage of
female headed households engage in terracing, contour plowing and stone diversion (table
5.14). This coincides with the fact that the female headed households have less access to
key resources (chapter 4).
Table 5.14 Major
Terracing
Contour p.
Diversion
Tree planting
Nothing
The percentage i
soil conservation measures by gender head of household
Afdeyu
Female
n=15
73
87
20
0
27
Male
n=45
100
98
56
0
0
All
N = 60
92.5
95
47
0
7
Female
n=34
62
NA
38
0
27
Tseada Kristar
Male
n=116
75
NA
35
0
12
i
All
N = 150
72
NA
36
0
15
n the columns does not add up to 100 % as the respondents may answer yes in several categories
Percentage of households per measure Source: fieldwork 1997
5.2.1 Terracing
Common for of both study sites is that a large percentage of the households build stone
terraces. While the percentage of households that are engaged in terracing increases with
households' mean possession of oxen in Afdeyu this is not case among households in
Tseada Kristan (table 5.14). Households in Afdeyu seem to be much more engaged in
building terraces than households in Tseada Kristan, which coincides with the fact that
households in Afdeyu have relatively more labor available from within the household
(section 4.1). During the group interviews it became clear to us that the farming
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households built terraces not only to minimize soil erosion, but also to maintain soil
fertility and increase soil moisture. Kibreab (1996:177) suggests that people in the central
highlands have used sophisticated methods of terracing not only to prevent erosion but also
to transform hills and mountainous areas into cultivable land.
Meticulously terraced fields in Afdeyu
5.2.2 Contour plowing
Contour plowing is carried out by the majority of households in Afdeyu. Unfortunately we
do not have any data concerning this issue from Tseada Kristan.87 McCann (1995:58 citing
Goe 1990 & 1961) explains that on plots with a slope of more than 10 degrees, farmers in
the Abyssinean highlands plow along the contour with subsequent furrows either on, or
just off the contour.88
87
 After we finished conducting the questionnaires in Tseada Kristan, we became aware of the fact that
contour plowing is a common soil conservation technique applied throughout the central highlands.
Apparently, none of respondents in Tseada Kristan had included contour plowing into the very wide category
of "other measures" in the questionnaire. It was during our initial discussion of the questionnaire with the
staff from the soil research station in Afdeyu, that we discovered this defect in the questionnaire we used in
Tseada Kristan. In order not to repeat the same mistake twice, we included contour plowing as an
independent category in the questionnaire we used in Afdeyu.
88
 Where flooding is likely, farmers plow drainage at three to seven meters intervals after seed germination.
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5.2.3 Stone diversion
Stone diversion is a measure which is used to prevent soil erosion by placing stones in
strategic positions thereby channeling water flows across slope to a suitable outlet. It is not
as toilsome as building terraces and requires less labor. The percentage of households that
employ stone diversion is half as high as the percentage of households engaged in terrace
building. This is probably because the use of stone diversion is less important, considering
that almost all households already are engaged in stone terracing.
5.2.4 Tree planting
As shown in table 5.13 and 5.14 none of the farming households plant trees on their arable
land. In both study sites, the group participants unanimously argued that they did not plant
trees because they would not be the immediate benefactor of their endeavor (i.e. tree
planting), as the arable land rotates every 5 to 7 years. This argument - i.e. that short term
usufruct represents a disincentive to long-term investments - is often cited in reports from
development agencies (FAO 1994:48, World Bank 1994:70). In fact, the Government of
Eritrea (NEMP 1995:54) also considers the traditional Diesa redistribution of land as a
major disincentive for farmers to carry out long term land investments. Though it may be
the case, this argument is not as apparent as it seems.89 Nadel (1946:14) for instance, points
out that this argument ignores an important fact:
"...the spirit of communal responsibility in these communities, which makes the temporary
landholder work in the interest of his successors as well, since they all belong to closely
knit social unit. The rules of fallow-lying and the building and upkeep of terraces, which
outlive individual tenure, prove this communal spirit convincingly."
Likewise, SOS-Sahel (1994:51) suggests that some villages in the central highlands refute
the common acknowledged argument by indicating "the land may well return to me or my
son". Moreover, Bqjo (1996:15) turns the argument around by emphasizing that farmers
must have had some security of tenure or they would not have engaged in extensive
terracing in the first place.
As we were casually talking with some of the participants after the group interview,
another reason for not planting trees came up to the surface. The participants pointed out
89
 Empirical studies from Africa have in some cases shown strong connection between tenure and land
improvements (see for example Place & Hazell 1993) while others have not (e.g. Midgot-Adholla 1990)
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that the size of their arable land is actually one of the main reasons why they were not
willing to invest in planting trees. They thoroughly explained why and what kinds of trees
they would plant together with their crops if they had enough land.
A pilot project initiated by the MOA's forestry department in Afdeyu proves that if people
are provided with a plot of land specifically designated for tree planting on a permanent
basis, households are willing to plant and take care of trees in a very satisfactory manner.
This suggests that tree planting is possible in the study sites, when it does not compete with
crop production for land.
5.3 Sub-conclusion
The aim of this chapter was to test research hypothesis 1) i.e. households with less oxen
have less access to other key resources thus they invest less in soil maintenance practices
and 2) i.e. female headed households have less access to key resources thus they invest less
in soil maintenance practices - by comparing households access to key resources with the
actual soil maintenance practices carried out.
Research hypothesis 1
The findings of this chapter reveal that the relationship between households' access to key
resources and their engagement in soil maintenance practices is not as simple as expressed
by research hypothesis 1.
On an aggregated level, our findings show that while the mean number of soil fertility
measures applied increases with the oxen category in Afdeyu, the same trend is not
apparent in Tseada Kristan. As for soil conservation measures, the mean number of
practices applied by the households is not related to their possession of oxen in both study
sites - thereby questioning research hypothesis 1. Even though households in Afdeyu on
average have less land, cattle and small-stock than households in Tseada Kristan, they
employ more soil maintenance practices thereby disproving research hypothesis 1. This
coincides with the fact that households in Afdeyu have comparatively more access to labor
(section 4.1). Moreover, the fact that households in Afdeyu have relatively smaller
landholdings with higher erosion exposure may motivate them to employ more soil
maintenance practices in order to get the most out of their scarce land.
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By looking at mean number of soil maintenance practices, however, we disguise the
coherence between households' access to key resources and their engagement in specific
soil maintenance practices. Thus we will also consider each soil maintenance practice
separately. When we do so the picture becomes even more complex.
On one hand, the percentage of households that apply commercial fertilizer is not related to
the number of oxen they own thereby questioning research hypothesis 1. On the other
hand, considering the amount of commercial fertilizer they apply, households with more
oxen generally apply more commercial fertilizer which supports research hypothesis 1.
Households with more than two oxen in Tseada Kristan deviate from this pattern by
applying less commercial fertilizer than households with only two oxen. This is probably
because these households own more cattle and thus have more access to animal manure
indicating that they may not need to apply so much commercial fertilizer.
The percentage of households that practice fallowing is not correlated to the number of
oxen households own. This disputes research hypothesis one. The results of our
investigation show that most households in both study sites practice fallowing for one year
and cultivate for three consecutive years. However, 13 percent of the households in Tseada
Kristan deviate by fallowing for more than one year. Interestingly, our findings reveal that
these households also have more oxen, land, labor and small-stock than the rest - hereby
validating hypothesis 1.
Households engagement in terracing is ambiguous in the study sites. While households
engagement in terracing is not related to oxen ownership in Tseada Kristan, the percentage
of households that are engaged in terracing raises with the number of oxen owned in
Afdeyu. Terracing is one of the most labor intensive practices employed by the
households. A larger percentage of households in Afdeyu engage in terracing because soil
erosion is more severe than it is in Tseada Kristan. Furthermore, households in Afdeyu on
average have more access to labor than in Tseada Kristan which among others could be
used to build and maintain terraces. The fact that the majority of households in both study
sites employ terracing suggests that households, regardless of their possession of oxen, act
in a long time perspective.
Households engagement in stone diversion is not related to the number of oxen they which
own. In comparison to terracing, the percentage of households that are engaged stone
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diversion is limited. This is most likely because the majority of households use terracing
and therefore the purpose of conserving soil using stone diversion becomes less important.
Households total lack of engagement in tree planting seem to suggest a short time
perspective. The lack of engagement in long term investments such as tree planting has
often been attributed to households' short term usufruct of arable land in the Diesa land
tenure system. However, during the informal discussions farmers stressed that their
reluctance to plant trees on arable land is not a reflection of their short term usufruct, but
rather a reflection of the fact that trees occupy land - which they already have too little of.
Research hypothesis 2
As for research hypothesis 2, our findings are easier to interpret. As we had anticipated
both the mean number of soil fertility measures and the mean number of soil conservation
measures employed by female headed households is smaller than those of the male headed
households. When we look at the specific measures separately, the only group that deviates
from this trend is the larger percentage of female headed households in Afdeyu that fallow.
This is noteworthy because the female headed households have relatively less land than the
male headed households. Thus in this respect, comparatively smaller landholdings of
female headed households in Afdeyu have apparently not compelled a higher percentage of
them to skip fallow.
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6 USE OF ANIMAL DUNG
In the central highlands, households have always used animal dung, particularly cattle
dung for different purposes such as manuring, building material90 and fuel. The main
purpose of this chapter is to examine how households in the study sites use their animal
dung, thereby exploring research hypothesis 3 - i.e. households with less access to key
resources have less access to animal dung as manure, and thereby they contribute to
degradation of their arable land. In order to do so, we examine 1) how households' use of
animal dung is related to resource poverty and 2) how households' use of animal dung as
fuel limits their ability to recycle vital soil nutrients and soil organic matter through
manure.
6.1 Utilization of animal dung and the productive capability of land
Traditionally, households in the central highlands of Eritrea have used crop residues as
livestock fodder and in return, the dung from the livestock was primarily used as manure,
thereby recycling soil nutrients and organic matter. However, due to the severe fuel-wood
scarcity which has prevailed in Eritrea over the last many decades (NEMP 1995:58)
particularly in the highlands (Murtaza 1998:44), households are now forced to use animal
dung primarily as fuel (Lahmayer International 1995:41). When households use animal
dung this way, it is of course no longer available as soil nutrient and soil organic matter.
There is therefore considerable opportunity cost to the use of dung as fuel. Especially in
the study sites where land is characterized as having low to moderate fertility (section
3.2.2) and humic content (NEMP 1995:52) and where the majority of households explicitly
stated that overall crop yields have been declining over time.
Figure 6.1 shows how the diversion of dung from manure to fuel contributes to a reduced
productive capability of the arable land. The reduced recycling of organic matter leads to a
deterioration in soil structure resulting in a decreased water holding capacity, a reduced pH
level, and an increased susceptibility to soil erosion (Powell & Williams 1995:28; Johnston
1991:300). Considering that households in the study sites primarily use crop residues as
fodder, their use of commercial fertilizer is limited (section 5.1.5), the reduced fallow
periods (section 5.1.4) and the top soil loss due to water erosion (section 3.2.3), the
90
 Dung is used as an all purpose plaster between the stones in walls of the homestead and on the inner walls
of the homestead. Inside the hut, benches, the fire place, and cereal storage pots are all made of dung
(fieldwork 1997).
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diversion of animal dung from manure to fuel inevitably leads to a reduction in capability
of the land to produce crops. The reduced productive capability of the arable land is
reflected in 1) declining crop production and 2) decreased availability of crop residues i.e.
animal fodder, both of which contribute to the vulnerability of the households. As crop
production in the study sites is primarily aimed to fulfill households' subsistence
consumption needs, the declining crop production will, ceteris paribus, lead to increased
food insecurity. All other being equal, the reduced animal fodder leads to a decline in
livestock which again results in decreased animal dung. This consequently leads to
exacerbated fuel scarcity, thereby creating the vicious circle illustrated in figure 6.1,
ceteris paribus.
Figure 6.1 The
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6.2 Dung as fuel
6.2.1 Fuel sources
Even though animal dung is the least preferred fuel type as it produces irritating and crude
smoke (fieldwork 1997), table 6.1 and 6.2 show that it is the primary source of cooking
fuel for the majority of the households in the study sites, particularly in Tseada Kristan.
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The fact that so many households use animal dung as their primary source of fuel reveals
the extent to which fuel-wood is scare and/or alternative fuel sources are inaccessible. In
this regard, Lahmeyer International's study of the energy sector in Eritrea (1995:41) found
a negative correlation between households' consumption of animal dung for fuel and the
fuel-wood availability.
Table 6.1 also indicates that households' use of dung as primary fuel is not related to their
oxen ownership, reflecting the fact that all households have free access to collect animal
dung from the common grazing lands and that dung is not (yet)91 marketed commercially in
the study sites (fieldwork 1997). The table also indicates that the number of oxen owned
by households is not related to their use of wood as primary fuel. There are however other
factors which influence the households' use of wood as fuel. In order for the households to
use fuelwood, they need either access cash92 to buy it, or if they are willing to collect wood,
they must have access to labor. They must also consider the distance to the fuel collection
place. Given that the households are determined to travel far, access to transport animals
becomes a crucial prerequisite.
Dung
Wood
Kerosene
Charcoal
Other
Table 6.1.
Ooxen
Afdeyu
n=ll
Tseada K.
N=55
72.7 90.9
9.1 5.5
0.0 1.8
0.0 0.0
18.2 1.8
Primary source of fuel by oxen
l o x
Afdeyu
n=32
Tseada K.
n=40
78.1 90.0
28.1 2.5
12.5 0.0
0.0 5.0
6.3 2.5
ownership
2 oxen
Afdeyu
n=16
75.0
12.5
0.0
0.0
12.5
Tseada K.
n=44
97.7
2.3
0.0
0.0
0.0
>2c
Afdeyu
n=l
100.0
0.0
0.0
0.0
0.0
)xen
Tseada K.
n=ll
72.7
18.2
0.0
9.1
0.0
Percentage of households per fuel source. Source: fieldwork 1997
Table 6.2 displays that the percentage of female headed household that use dung as their
primary fuel is similar to the percentage of male headed households that do so. It also
indicates that it is only the male headed households that use wood as primary fuel in
Afdeyu, whereas both genders do so in Tseada Kristan. The fact that it is mostly male
91
 Lahmeyer International (1995:43) indicates that dung in fact may be purchased in Asmara, where the mean
buying price is 33 cents/kg.
92
 Lahmeyer International (1996: 36), the price of fuel wood generally range from 0.40 to 0.80 birr/kg in the
highlands, reaching 0.79 birr/kg in Asmara.
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headed households that use wood as primary fuel seems coincides with the fact that these
households on average have more labor and transport animals.93
Moreover, the percentage of households that use wood as primary fuel in Tseada Kristan is
half that of Afdeyu, indicating that 1) wood is available in the lowlands located nearby
Afdeyu, whereas households in Tseada Kristan must buy wood due to the distance to the
nearest wood collection place and 2) households in Afdeyu on average have more labor
available than in Tseada Kristan (section 4.1) which, among other, may be used for
collecting wood.
Table 6.2. Primary source of fuel by gender of head of household
Dung
Wood
Kerosene
Charcoal
Other
Afdeyu
Female
n=15
80
0
7
0
13
Male
n==45
78
12
10
0
0
AU
N = 60
79
7
7
0
4
Female
n=34
85
3
3
6
3
Pseada Kristan
Male
n=116
93
5
0
1
1
All
N = 150
91
5
1
2
2
Percentage of households per fuel source Source: fieldwork 1997
According to our survey, 95 percent of the households in Afdeyu that use fuelwood either
as primary or supplementary fuel travel between 5 and 10 km to collect wood in form of
twigs and fallen branches. This implies that a traveling distance longer that 10 km may be
considered too far. However, during the group interview in Afdeyu the participants
explained that some households travel for several days to the nearest lowland areas in
order to collect fuel-wood for home consumption as well as for sale.
Kerosene and charcoal remain minor fuel sources in the study sites. The consumption of
kerosene is limited because 1) it is expensive, 2) the small kerosene jet cannot be used for
baking the large pancakes enjera4, and 3) the smell from kerosene may leave a traceable
taste in particular foods, e.g. the local bread kicha. As for charcoal, it is widely
acknowledged for its good burning quality (fieldwork 1997), however commercial
production and sale of charcoal has officially been banned by the government (Lahmeyer
93
 While 87% of the male households in Afdeyu have one or more transport animals i.e. a mule or donkey,
only 27% of the female headed households have access to transport animals.
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International 1996:37).95 Charcoal is preferred for certain types of cooking, particularly for
the traditional coffee ceremony.
6.2.2 Quantifying the amount of dung burnt as fuel
To estimate the quantity of animal dung which households burn as cooking fuel we use the
local unit called gudgudo. A gudgudo is processed cattle dung shaped into a long and oval
cakes. The cakes are approximately 30 cm long and 2 cm thick. The patted gudgudos are
plastered on walls outside the homestead and left to dry, first on one side then on the other.
The dried gudgudos are stacked outside the homestead as shown in the photo.
Stacked cattle dung cakes (gudgudos)
Table 6.3 reveals that the number of gudgudos consumed by the households is not related
to the number of oxen they own. This is a reflection of the fact that all households have
free access to collect animal dung from the communal grazing areas mentioned earlier. In
94
 Enjera is a large, thin and sour pancake eaten at almost all meals with various kinds of sauce.
95
 Never the less Lahmeyer International (1996:37) observed that charcoal is sold openly in the markets.
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this connection, Pankhurst (1990:82) suggests that even if households are rich96 enough to
buy alternatives, they rarely abandon the use of dung as fuel, because it is readily available
from the homestead where cattle is usually stabled over night.97
Table 6.3. The mean number of gudgudos per week per household by oxen ownership
Gudgudos
St.dev.
0 oxen
Afdeyu
n=ll
Tseada K.
n=55
32.4 52.7
17.6 28.6
1 ox
Afdeyu
n=32
Tseada K.
n=40
37.7 51.1
16.6 32.5
2 oxen
Afdeyu
n=16
Tseada K.
n=44
28.8 57.9
10.9 26.7
>2 oxen
Afdeyu
n=l
40.0
Tseada K.
n=ll
66.2
39.1
Source: fleldwork 1997
Table 6.4 shows that the female headed households on average use less gudgudos than the
male headed households. Moreover, not only do a larger percentage of households of
Tseada Kristan use gudgudos as their primary fuel (table 6.2), but they also bum more
gudgudos than households in Afdeyu. This is probably indication of the fact, that
households in Tseada Kristan have raore cattle and thereby more access to animal dung
than households in Afdeyu (section 4.3), and/or the fact that households in Afdeyu have
better access to wood collection.
Table 6.4. The mean no. of gudgudos per week per household by gender head of household
Gudgudos
St.dev.
Afdeyu
Female
n=15
Male
n = 45
AU
N = 60
30.0 35.8 34.4
16.7 15.1 15.6
Tseada Kristan
Female
n = 34
Male
n = 116
All
n = 150
45.1 57.6 53.4
24.1 31.0 30.0
Source: fieldwork 1997
6.2.3 Rough quantification of nutrient loss due to use of animal dung as fuel
As described in section 6.1, the majority of the households in the study sites use animal
dung as their primary source of fuel. In order to establish to which extent the use of cattle
dung for cooking limits households' access to dung as manure, we examine: 1) the
consumption of gudgudos used per household p. a. and 2) the value of the gudgudos as soil
I.e. which we define as having many oxen and thus many small-stock which may be easily sold on the
market.
97
 However, these households might be more likely to complement dung with the use of wood, fallen twigs
and branches etc.
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fertilizer i.e. in terms of nutrient composition of Nitrogen (N) and Phosphorous (P). We
use the following procedure:
1. According to our survey (table 6.4), 1,788 and 2,776 gudgudos per household per year
are burnt on average in Afdeyu and Tseada Kristan respectively. Interestingly, even though
the mean size of households in Tseada Kristan is smaller than in Afdeyu (table 4.2), the
number of gududos they burn as fuel is considerably higher than that of households in
Afdeyu. This is probably because households in Tseada Kristan have more cattle than
households in Afdeyu (table 4.6) and less access to fuel-wood as discussed earlier in this
chapter.
2. According to our survey, the mean dry matter (DM) weight is 0.39 kg pr gudgudo in
Afdeyu and 0.52 kg in Tseada Kristan (appendix 8). Hence, by multiplying the mean DM
weight of the gudgudos by the mean consumption of gudgudos, the mean quantity of dung
burnt per household p.a. becomes 0.7 tons and 1.4 tons for Afdeyu and Tseada Kristan
respectively.
3. By multiplying the mean amount of gudgudos burnt per household per year by the mean
percentage of nutrient composition of the gudgudos (table 6.5), we get nutrient loss of 8.2
kg of N and 1.9 kg of P in Afdeyu and 24.2 kg of N and 11.5 kg of P in Tseada Kristan per
household p.a.. Based on these figures, the total amount of nutrient loss per study site is
calculated to be 2.46 tons N and 0.57 tons P in Afdeyu and 18.15 tons N and 1.42 tons P in
Tseada Kristan. Here it is important to note that these estimates do not take into account
the nutrients exported from the arable fields through harvest, i.e. households' consumption
and possible sale of crops98, the nutrient losses due to soil erosion, and the gross discounted
cumulative loss."
Table 6.5. Mean nutrient composition of gudgudos by village
Percentage of Nitrogen (N)
Percentage of Phosphorous (P)
Afdeyu
1.17(0.25)
0.20(1.21)
Tseada Kristan
1.68 (0.38)
0.80(1.37)
Standard deviation in (brackets). Source: fieldwork 1997
98
 According to table 6.9, the seeds of the major crops in the study sites contain at least twice the amount of N
and P of that contained in the straw.
99
 The concept captures the fact that land degradation is a cumulative process, where each year's erosion and
nutrient removal is followed by another, adding layers of cost on top of each other.
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As it can be seen in table 6.5, the nutrient composition of the gudgudos varies considerably
between the villages, especially that of phosphorous. One of the main reasons for this
variation is the different feeding strategy in the two study sites. In Tseada Kristan a
relatively larger percentage of the households practice stable-feeding exclusively (table
6.10). Stable feeding households are generally able to feed their cattle with fodder of better
nutritional composition than cattle feed on grazing land.100 Thus, the nutrient content of the
stable-fed cattle's dung is relatively higher than that of dung from grazing cattle.
One way of interpreting this nutrient loss is by determining the animal manure - yield
impact for cereal production i.e. assessing how many more kg of yield could be obtained
from 1 ton of animal manure. Since there is no any data on this subject specifically in
relation to the highlands, this method is not applicable. Therefore, the approach which is
applied here is a "replacement cost" approach inspired by Bojo (1996:8) i.e. determining
the hypothetical cost of nutrient losses by calculating how much it would cost to replace
the nutrient loss using commercial fertilizer.
Table 6.6. Cost and nutrient composition of commercial fertilizer (Asmara)'
Fertilizer
type
DAP
Urea
Financial cost
(US $ per 100 kg)
Economic cost
(US $ per 100 kg)
Nitrogen % Phosphorous %
11.81 23.33 18 46
10.42 21.53 46 00
Source: Prices from MOA cited by Bojo 1996
Based on the estimates in table 6.5 and 6.6, the hypothetical economic cost becomes
roughly US $ 1,336 in Afdeyu and in Tseada Kristan 8,955 US $, if households were to
replace the nutrient loss from gudgudos by commercial fertilizer. By dividing the
aggregated economic cost by the total number of the village households, the hypothetical
economic cost per household becomes US $ 5 and US $ 12 in Afdeyu and Tseada Kristan
respectively.
100
 It is generally accepted that the nutrient value of grazing land in the highlands is low (e.g. Catterson
1995:3; FAO 1994 annex 10:8; Yohannes 1991:114).
101
 The domestic rate has been converted at a rate of 7,20 Nakfa per US dollar.
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6.3 Animal dung as manure
The benefits of animal manure, particularly in Sub-Saharan Africa, have been pointed out
in many studies. The recycling of animal manure has the potential to provide crops with
vital nutrients, especially nitrogen (N), phosphorous (P) and potassium (K) (Stangel
1995:50). Animal manure improves the physical property of soil by increasing pH level,
water-holding capacity, hydraulic conductivity and infiltration rate and decreasing bulk
density production (Powell & Williams 1995:28). It also has the long-term effect of raising
soil organic matter levels (Murwira et al 1995:133). The importance of soil organic matter
in soil is emphasized by Yohannes (1991:10, citing Kellman 1980 and FAO 1983) as "it
can absorb and store much more water that inorganic fractions. It acts like a sponge,
taking up water and releasing it as required by the plants. It also helps bind soil particles
into larger aggregates or crumbs. Soils with this kind of structure are also very resistant to
erosion."" In this connection, it is important to stress that like with commercial fertilizer,
excessive application of manure has been shown to lead to problems of ground water
pollution through leaching of nitrate from soil.
As for the value of manure in comparison to commercial fertilizer, Mcintire et al (1992:75)
review several studies from Sub-Saharan Africa. They indicate that manure produces
similar yields as commercial fertilizer when it is applied at equal concentrations, with
similar methods and under similar conditions. However, application of commercial
fertilizer is expensive and thus it remains out of reach for many small scale farmers - i.e. at
the quantities required to compensate for nutrient losses. Besides, as mentioned in the
previous chapter, households in the study sites are reluctant to invest in commercial
fertilizer, because it involves considerable risks i.e. the uncertain rainfall makes the return
of commercial fertilizer negative in certain years.
With this in mind, households in both study sites were asked whether they use animal dung
as manure in order to enhance soil fertility. Table 6.7 show that the majority of the
households - except for households of Afdeyu without oxen - stated that they made use of
animal manure as soil fertilizer. Furthermore table 6.7 suggests that households'
engagement in manuring is not related to the number of oxen they own, reflecting their
free access to dung from the common land as mentioned earlier.
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Table 6.7 Households that apply manure according to oxen ownership
Manure
OOxen
Afdeyu
n=ll
Tseada K.
n=55
27 73
lOx
Afdeyu
n=32
91
Tseada K.
n=40
90
2 Oxen
Afdeyu
n=16
Tseada K.
n=44
81 95
>2 Oxen
Afdeyu
n=l
Tseada K.
n=ll
100 91
Percentage of households Source: fieldwork 1997
Table 6.8 shows that even though female headed households have free access to collect
animal manure from common land, the percentage of female headed households that use
manure is less than the percentage of male headed households that do so. This seemingly
coincides with the fact that female headed households have less access to labor (table 4.2)
to collect and disperse manure.
Table 6.8 Households that use animal dung as manure by gender head of household
Manure
Afdeyu
Female
n=15
67
Male
n=45
80
All
n=60
77
Female
n=34
74
rseada Kristan
Male
n=116
89
All
n=150
85
Percentage of households Source: fieldwork 1997
We do not have access to data on the quantity of animal dung applied by the households as
manure on arable land. Instead, we will attempt to explore whether households have
animal dung to both cook and to manure adequately (i.e. to compensate for the nutrients
exported from the system via harvest) by using the following approach with Tseada
Kristan as an example:
1) The average size of landholding in Tseada Kristan is 0.93 ha. (table 4.4) and the average
crop yield is 0.77 tons/ha (MOA cited by Bojo 1996). Thus, 0.72 tons of yield on average
is removed from the average landholding in Tseada Kristan.
Considering the major crops grown in the study sites (table 6.9) and the quantity of yield
given above, the amount of nutrient loss is 13.8 kg N and 3.4 kg P for wheat and 15.5 kg N
and 3.1 kg P for barley. As for legumes, only the phosphorus loss is relevant because
legumes are self-reliant in terms of nitrogen. Thus, the amount of phosphorus lost is
approximately 4.1 kg P and 4.9 kg P, for chick pea and horse bean respectively.
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If the farming households should restore the nutrient lost using animal manure, households
of Tseada Kristan need 0.82 tons102 of animal manure to replace nutrients lost after wheat
harvest and 0.92 tons animal manure after barley harvest, ceteris paribus. Likewise, the
amount of animal dung needed to restore nutrient loss after chick pea and horse bean
harvest would be 0.52 and 0.61 tons respectively.
Table 6.9. Major crops in the study sites and their composition of nutrients
Crops
Wheat
Barley
Chick pea
H. bean
Seed
Straw
Seed
Straw
Seed
Straw
Seed
Straw
N% P%
1.91 0.41
0.37 0.09
1.68 0.37
0.68 0.09
4.20 0.47
1.57 0.15
4.74 0.58
1.43 0.14
Source: Andersen 1980:1079
By using the same procedure as above, it takes 1.21 tons of animal manure to replace
nutrients loss after wheat harvest and 1.11 tons of animal manure after barely harvest in
Afdeyu. As for the nutrient loss after chick pea and horse bean harvest, the households'
need animal manure amounting to 1.50 and 1.75 tons respectively.
Considering both the amount of gudgudos needed for cooking (section 6.1) and the
quantity of dung needed to replace nutrients exported through harvest, households of
Afdeyu need 1.80 tons of animal dung, while households of Tseada Kristan have to
accumulate 2.12 tons of animal dung for cooking and adequate manuring.
2) The next interesting point is whether the households have enough cattle to produce the
amount of animal dung needed to fulfill both cooking and manuring needs. As 25.0 and
23.3 percent of households of Afdeyu and Tseada Kristan, respectively, do not own any
cattle, we exclude these households. The reason for excluding these households is that it is
unrealistic to assume that they are able to collect several ton of animal dung from the
communal grazing areas. Thus, we focus on the households which own cattle.
!
 The manure is in terms of dry matter weight DM.
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According to an Ethiopian study cited by Bqjo (1996:9),")3 one TCU produces about 0.7
tons of recoverable dung per year. This suggests that households of Afdeyu and Tseada
Kristan need to have 2.6 and 3.0 TCU of cattle respectively to produce enough dung for
both fuel and manuring purposes, that is if households practice stable-feeding. However, if
the animals are stabled only at night and grazed during the day - which is the case for most
of the farming households in the study sites104 - the quantity of recoverable manure declines
to 30 to 40 percent (Schleich 1986). This reduces the recoverable animal dung per year to
0.21 to 0.28 tons per TCU. According to this estimate, households in Afdeyu need between
6.4 and 8.6 TCU of cattle, and correspondingly 7.5 to 10.0 is needed for households in
Tseada Kristan to fulfill both fuel and manuring needs. According to our survey none of
the households that practice communal grazing owns so much cattle - even when
considering the lowest minimum requirements of cattle.
As it was discussed above, households that let their animals graze on communal grazing
areas are unlikely to obtain sufficient animal dung for both cooking and manuring
adequately. Therefore, only households that exclusively practice stable-feeding are
relevant. In order to practice stable-feeding, households must have I) access to cash (i.e.
smallstock) to supplement crop residues with purchased fodder in the form of byproducts
and 2) access to labor for care taking.
As it can be seen in table 6.10, only 6.7 percent of the respondents in Afdeyu practice
stable-feeding, whereas 30.7 percent of the respondents in Tseada Kristan do so. As
mentioned earlier, stable feeding households need between 2.6-3.0 TCU of cattle in order
to both cook and manure adequately. Based on these figures, we can conclude that it is
mostly stable feeding households in Tseada Kristan that are able to fulfill this requirement.
103
 Using Ethiopian study is more related to the highlands of Eritrea than estimates from other sub-Saharan
Africa as the highlands of Ethiopia and Eritrea have great similarities in climate, vegetation and animal
husbandry.
104
 In this connection, it is important to note that as most households in Afdeyu send their cattle to the
lowlands to graze once a year for a period of two to three months, their ability to accumulate animal dung
manuring become limited. In Tseada Kristan, the possibility of sending their cattle to the lowlands is simply
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Table 6.10 Feeding strategies among households in the study sites
Feeding strategy
Households without cattle
Graze at the common grazing land
Stable-feeding
Afdeyu
n = 60
25.0
68.3
6.7
Tseada Kristan
n = 150
23.3
46.0
30.7
Percentage of households pr practice. Source: fieldwork 1997
Interestingly, the stable-feeding households have, more oxen, cattle and labor (table 6.11)
but not small-stock, than the households that practice grazing on the communal lands. This
suggests that hypothesis 3 i.e. households with less access to key resources have less
access to animal dung as manure and thereby they contribute to degradation of their
arable land is valid.
Table 6.11 Key resources among stable-feeding and grazing households of Tseada Kristan
Stable-feeding households
Grazing households
Mean ownership of key resources
Oxen
1.2 (0.98)
0.6 (0.91)
Cattle
3.7 (3.27)
1.1(1.21)
Small-stock
0.5 (0.83)
2.0(1.14)
Labor
2.3(1.22)
2.0(1.02)
Standard deviation in (brackets) Source: fieldwork 1997
In the previous two sections we have discussed whether households have enough cattle to
produce the amount of animal dung needed for both cooking and manuring. Given that
households have access to enough animal dung to fulfill both needs, there are other factors
which may limit their ability to manure adequately. These are 1) ability to provide labor105
for collecting and dispersing the manure and 2) ability to transport manure from the
homestead/grazing land to the arable fields i.e. access to carts and transport animals.
What is clear here is that many households apply manure. However, as the discussion
above reveals, it is unlikely that the majority of the households have enough dung to
manure their arable lands adequately106 given their present consumption of dung as cooking
excluded due to of the distance and, hence, most of the farming households let their animals graze on the
communal grazing areas.
105
 De Leeuw et al (1995:387) suggest that farmers are most likely to view the short term increases in crop
yields as the main benefits, which they then weigh against manuring costs. Thus, farmers prefer low-cost
nutrient transfer such as tethering livestock on arable land, rather than keeping manure in corrals which
requires intensive use of labor to collect and distribute dung.
I.e. to restore the nutrient losses through crop harvest.
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fuel. Moreover, those households that have the potential, are stable-feeding households
which have relatively more cattle than households that graze their livestock. This finding
resembles a remark made by a farmer in Tseada Kristan:
" ...a rich farmer that has many animals uses his animal dung for manuring to improve his
soil whereas most of us use the animal dung as fuel..."
6.4 Sub-conclusion
In this chapter, we have examined I) how households' use of animal dung is related to
resource poverty and II) how the households' use of animal dung as fuel limits their ability
to recycle vital soil nutrients and soil organic matter through manure. With these to points,
we have been able to test research hypothesis 3, i.e. households with less access to key
resources have less access to animal dung as manure and thereby they contribute to
degradation of their arable land.
The very severe fuel-wood scarcity, and lack of access to other alternative fuel sources
mean that the overwhelming majority of the households in both study sites use animal
dung as their primary source of cooking fuel. Our findings reveal, that there is no
connection between the percentage of households that use animal dung as primary fuel and
their ownership of oxen. Also, we found no connection between the quantity of animal
dung {gudgudos) consumed as fuel and oxen ownership. This is because all households
have free access to collecting animal dung from the communal grazing areas. As a result of
this arrangement, access to labor becomes a central factor for households' ability to collect
animal dung.
When we look at the percentage of households that use dung as primary fuel by gender
head of households, our findings show that there was no apparent coherence. However, the
female households which also have less access to all key resources consumed a smaller
quantity of gudgudos than the male households.
The consumption of gudgudos in the study sites reveals that not only do a larger
percentage of households in Tseada Kristan use gudgudos as their primary fuel, but the
quantity they burn is also larger than in Afdeyu. The fact that households in Tseada Kristan
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burn more gudgudos may be ascribed to the comparatively more cattle they own and/or the
fact that they have less access to fuel-wood than households in Afdeyu.
Households in both study sites use a considerable amount of animal dung for cooking, and
when assessing the nutrient loss due to this practice, we found that the nutrient loss per
household per year is substantially larger in Tseada Kristan, reflecting that a relatively
larger percentage of households in this village practice stable-feeding.
The consumption of animal dung for cooking competes so much with manuring, that only
those households that stable-feed their cattle have actually the potential to accumulate
sufficient animal dung to fulfill both needs. Interestingly, these households also have
access to more oxen, cattle and labor. This suggests that households that are able to
accumulate enough dung to both cook and manure have better access to key resources
thereby validating research hypothesis 3.
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7 CONCLUSIVE DISCUSSION
This study has attempted to explore the interaction between resource poor farmers and
their arable land. As mentioned in chapter 1, there exists a narrative in which the poor
farmers in the third world are considered as active agents of land degradation because they
live on the edge of subsistence and therefore are forced to discount present needs for future
needs. By taking the central highlands of Eritrea as an example, this study have examined
how farming households' engagement in soil maintenance practices on arable land, or lack
of such, is related to resource poverty.
In order to differentiate between the levels of resource poverty among the households, we
stratified households into categories according to how many oxen they own because
households' access to oxen is fundamental in the ox-plow culture of this area. Ox-
stratification proved to be a good indicator of access to key resources because households
with comparatively less oxen also have comparatively less cattle, small-stock and labor.
The only key resource which does not correlate positively with households' possession of
oxen is the size of arable land. This is due to the equitable principle behind the last
allocation of arable land in the study sites. We have also stratified the households
according to gender head of households because female headed households often have less
resources than male headed households. As we had anticipated, our findings showed that
female headed households have less of all key resources.
The overall research question which is - how is farming households' engagement in soil
maintenance practices on arable land, or lack of such, related to resource poverty? -
have been explored through the following three research hypothesis:
Hypothesis 1: Households with less oxen have less access to key resources, thus they
are less engaged in soil maintenance practices.
The relationship between households' engagement in soil maintenance practices and
resource poverty has shown to be more complex than expressed in hypothesis 1. It is
complex because in some instances households with less oxen engage just as much or
more in soil maintaining practices than households with more oxen, while in other
instances, their engagement is clearly less than households with more oxen. As a result of
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this, we are neither able to verify nor reject hypothesis 1 on aggregated level. Therefore, in
order to understand the complexity of households' engagement in soil maintenance
practices in relation to the number of oxen they own, we explore each practice separately.
In the following discussion we have eliminated: 1) crop rotation, because of ambiguities;
2) contour plowing because we only have data from one village and 3) tree planting as
none of the households employ it.
When we look at fallowing, the percentage of households that practice it does not increase
with the number of oxen the households own. The fact that the majority of households do
fallow for a period of one year indicates that they are willing to maintain the productive
capability of their arable land. This is despite the fact that households - particularly in
Afdeyu - have so little arable land that they are not able to produce enough food to fulfill
their own consumption needs. When we focus on the households that fallow for more than
one year, our findings show that they possess more key resources than the households that
only fallow for one year. This suggests that in order for households to fallow more than
one year, the access to key resources seems to be an important factor. Of all the key
resources, the group interview participants emphasized that, the small size of their arable
land was the reason why most of them only follow for a period of one year.
Even though the amount of commercial fertilizer households use is limited - because it is
expensive and involves considerable risk - the majority of the households in both study
sites do invest in commercial fertilizer. Our findings show that the more oxen households
own the larger quantity of commercial fertilizer they apply. Interestingly, despite the fact
that households in Afdeyu have comparatively less land, cattle and small-stock than
households in Tseada Kristan, a larger percentage of households in Afdeyu apply
commercial fertilizer. However, the amount the they apply on average is less than the
households in Tseada Kristan because households in Afdeyu have less key resources.
Based on these findings, we conclude that while the number of oxen does not determine
whether households apply commercial fertilizer, the number of oxen seem to be
determining for the amount of commercial fertilizer they apply. Furthermore, the fact that
the majority of the households in both study sites use commercial fertilizer suggests that
they recognize that the amount of animal manure which they apply is not sufficient to
compensate for nutrient exports from their arable land.
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People in the highlands have a long tradition of conserving arable soil using terraces. A
large percentage of the households in both study employ this measure, particularly in
Afdeyu. The larger percentage of households that employ terracing in Afdeyu is attributed
to 1) the topography i.e. the higher level of exposure to soil erosion and 2) maybe also the
better access to labor in this village. Our findings indicate that there is no apparent
relationship between households engagement in terracing and the number of oxen they
own. The fact that the majority of households, regardless of their access to key resources,
employ this measure reveals that soil loss from arable land due to water erosion poses a
major problem. In other words, it shows how even poor people can allocate scarce
resources to activities which they think pay off.
Stone diversion is not practiced as much as terracing. This is most probably because the
use of stone diversion is less important when soil erosion is primarily averted by building
terraces. The percentage of households that employ stone diversion is not related to their
possession of oxen. This suggests that resource poor households' engagement in stone
diversion is not less than the resource rich households' engagement.
Hypothesis 2: Female households have less access to key resources thus they are less
engaged in soil maintenance practices.
When we analyzed households' engagement in soil maintaining practices from gender
perspective, we found that the percentage of female headed households that engage in soil
maintenance practices, except for fallowing in Afdeyu, is lower than the percentage of
male headed households. In every aspect, female headed households' limited engagement
coincides with the fact that they on average have less of all key resources than male headed
households. Considering that women traditionally participate in almost all agricultural
activities, and that they therefore must possess knowledge about maintaining the
productive capability of the soil, we conclude that it is their limited access to key resources
which constraints them from maintaining their arable soil. In other words, their limited
engagement in soil maintaining practices means that their arable land is more exposed to
degradation.
Of all practices, we find it very interesting that female headed households are able to
fallow at all. This is because that female headed households on average have 25 percent
smaller landholdings than male headed households. Also, because a relatively higher
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percentage of female headed male headed households engage in sharecropping which
compromises their possibility of fulfilling the food consumption needs of the family.
Hypothesis 3: Households with less key resources have less access to animal dung as
manure thus they contribute to the degradation of their arable land.
In our empirical analysis of households' soil maintenance practices, we have emphasized
animal manure, because this measure traditionally have played a central role in recycling
vital nutrients and soil organic matter. However, due to severe fuel wood scarcity
households are abandoning this practice with consequences for the productive capability of
the soil.
As households' use of animal dung is a trade of between households' immediate need for
fuel and households' ability to use animal dung as manuring, we quantified the amount of
animal dung burn as fuel in relation to households' access to key resources. Because
households have free access to collect animal dung from the communal grazing areas, the
percentage of households that use animal dung as primary fuel as cooking is neither related
to the number of oxen which households own nor to gender head of household affiliation.
While there is no obvious relationship between the number of gudgudos (i.e. cattle dung
used for cooking fuel) burnt and households oxen ownership, we found that female headed
households burn less gudgudos than the male headed households. This coincides with the
fact that female headed households on average have less access to labor and cattle and it
also corresponds with their relative smaller household size.
When comparing the study sites, households in Tseada Kristan burn considerably more
animal dung per household per year than households in Afdeyu even though households in
Tseada Kristan on average have smaller household size. This coincides with our findings
showing that households in Tseada Kristan on average own more cattle than households in
Afdeyu, and that households in Tseada Kristan have less access to fuel-wood collection.
Besides the fact that in Tseada Kristan consume comparatively more animal dung for
cooking, the mean nutrient composition of the gudgudos they burn is also higher than in
Afdeyu. The nutrient composition of the gudgudos is among others attributed to the
different feeding strategies and thereby the nutritional content of the fodder.
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Considering the amount of animal dung households use for cooking and their access to
cattle dung (i.e. mean number of cattle owned), it is conclusive that households' use of
animal dung as fuel severely competes with most households' ability to maintain the
productive capability of their arable land by applying animal manure. In this respect, our
analysis indicates that only those households of Tseada Kristan, that practice stable-
feeding, are actually able to accumulate sufficient animal dung in order to fulfill cooking
needs and adequate manuring i.e. compensating nutrients exported from the fields through
harvests. The fact that the overwhelming majority of the households are not able to
accumulate enough manure reflects 1) stabling-feeding requires labor to maintain the
animals in the stable as well as access to cash to purchase extra fodder in the form of by-
products, and 2) the large opportunity cost involved in collecting several tones of animal
dung from grazing land, transporting it to the homestead, storing it and spreading it on the
arable lands.
Interestingly, the stable-feeding household which theoretically have access to enough dung
to cover both needs possess relatively more oxen, cattle and labor. From this coincidence,
it can be concluded that households with less access to key resources also have more
limited access to animal dung as manure. In this context, having limited access to animal
dung means that households first and foremost use the animal dung as cooking fuel.
Considering the very limited use of commercial fertilizer, reduced fallowing, nutrient loss
from harvest and soil erosion, households with limited access to animal dung are more
likely to contribute to the degradation of their arable land. This suggest that research
hypothesis 3 is valid.
The relationship between our findings and the poverty-degradation narrative
Based on our discussion of three hypothesis we have come to realize that the relationship
between poverty and the environment is far more complex than expressed in the poverty-
degradation narrative. The assumption that the poor are active contributors of
environmental degradation and that they sacrifice future needs and overexploit their
resource base is in many ways a too simplified perspective and an insufficient
characterization of the poor at least those which we, in this study, have identified as
resource poor households.
The findings of this study makes it difficult to say anything unambiguous about the
relationship between resource poverty and households' engagement in soil maintenance
110
CONCLUSIVE DISCUSSION CHAPTER 7
practices. On one hand, while there seems to be coincidence with female headed
households, their comparatively limited access to labor, land, cattle & small-stock and their
lower engagement in soil maintenance practices. On the other hand, there does not seem to
be the same clear coincidence with households that have less oxen, their comparatively
limited access to labor, cattle & small-stock and their lower engagement in soil
maintenance practices.
It seems to us, that in some cases households with less resources are just as engaged in soil
maintenance practices as the households with more resources. While in other cases the
percentage of households with less resources that are engaged in such practices is clearly
lower than the percentage of households with more resources that do so. This suggests that
while households' access to specific key resources may be a prerequisite for their
engagement in certain soil maintenance practices, other factors also influence households'
willingness/ability to engage. In this regard, especially the issue of opportunity cost of
labor, dung, cash needs further investigation.
As for the time horizon, the fact that there seems to be no apparent coherence between the
percentage of households which engage in terracing and their access to key resource tell us
that a long time horizon is not a characteristic which only fits the resource rich. It has often
been assumed that the redistribution of arable land among the households every 5-7
imposed a short time horizon on the households which made them reluctant to plant trees.
But informal discussions revealed that farmers' reluctance is a reflection of the fact that
planting trees on arable land competes with crops. Considering that 1) households are
generally not able to produce enough food to cover their consumption needs 2) households
have proven to have a long time horizon by engaging in terracing their argument is very
reasonable and seems to question the common assumption that poor small scale farmers
are short sighted, per se.
Some implications of our findings
I) Our findings indicate that the relationship between poverty and environment is like a
puzzle where each piece must be examined thoroughly. In order formulate policies that
enables households' to combat land degradation, policy makers need to address various
soil maintenance practices separately. As we have dealt with households' animal dung
management relatively deeper than other practices, we reflect on some implications
concerning this practice.
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In this study, we have only dealt with how the use of animal dung as cooking fuel
influences the agro-ecological environment thereby the capability of arable land to produce
crops. However, the use of animal dung as cooking fuel does not only affects the agro-
ecological environment but also peoples' health due to the crude and irritating smoke.
According to WHO, the use of bio-fuel in less developed countries poses a considerable
problem to millions of peoples' health and thereby their productivity and ultimately the
overall economy of these countries.
As the households' diversion of animal dung to non-farm use is attributed to severe fuel-
wood scarcity in the study cites, a sustainable source of fuel is needed if households should
abandon this practice. In this case, there might be several options to consider such as bio-
gas, state subsidies on kerosene, communal kitchen(s) with electricity, afforestation etc.
For any one of these options, policy makers need to consider the required resources as well
as the technical, socioeconomic, cultural, institutional feasibility. For instance, if
households should divert to bio-gas as cooking fuel, several factors should be considered
such as:
1) How many TCU of livestock does a household need to fulfill their cooking fuel need
through bio-gas? Is there variation in the burning quality of dung from different
livestock/poultry? Do the households have enough TCU to fulfill this requirement?
2) Who will handle the dung. Does it require institutional restructuring of the traditional
division of labor? If so, will it be institutionally/organizationally feasible? Is it
culturally acceptable?
3) Is it technically possible to install a bio-gas apparatus in the traditional houses,
hedmosl
4) Which materials are needed to construct the bio-gas apparatus? Are they locally
available? If households have to buy the materials - do they have access to enough
cash?
5) Who will built the bio-gas apparatus and who will maintain it? What type of
knowledge is required to do so? How can such knowledge be dispersed?
II) Another implication of our findings concerns the female headed households. This group
of households seem to have less capacity to engage in soil maintenance practices. They are
generally more vulnerable and have less access to all key resources. Thus, policy makes
need to address female headed households separately and to investigate the factors which
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constraints these households from maintaining the productive capacity of the soil. It is
important to underline that not all female households face (the same) constraints and thus it
may be useful to divide female headed households into subgroups reflecting their access to
resources/levels of constraints.
Ill) A third implication of our findings is that higher income in it self may not lead to
improvement in the environment in the study sites. For instance, considering the high risks
involved in applying commercial fertilizer under climatic uncertainty, it is questionable
whether households in the study sites would invest more in this practice if they had better
access to cash. Furthermore, as livestock traditionally is an object of investment in the
central highlands, it is likely that if households had higher income, it would be invested in
more livestock thereby increasing the pressure on grazing land.
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Perception of land degradation Awendix 1
APPENDIX 1; PERCEPTION OF LAND DEGRADATION
Table 1 Is land degradation a problem?
Yes
No
Do not know
NA
OOx
Afdeyu
n = l l
100.0
0.0
0.0
0.0
Tseada K.
n = 55
92.7
0.0
0.0
7.3
1
Afdeyu
n = 32
100
0.0
0.0
0.0
Ox
Tseada K.
n = 40
97.5
0.0
0.0
2.5
2
Afdeyu
n = 16
100.0
0.0
0.0
0.0
Oxen
Tseada K.
n = 44
93.2
0.0
2.3
4.5
>2 Oxen
Afdeyu
n = l
100.0
0.0
0.0
0.0
Tseada K.
n = 11
100.0
0.0
0.0
0.0
Table 2 Rate of land degradation.
Increased
No change
Decreased
Do not know
0
Afdeyu
n = l l
100.0
0.0
0.0
0.0
Ox
Tseada K.
n = 55
56.4
23.6
12.7
1.8
Afdeyu
n = 32
93.8
0.0
6.3
0.0
l O x
Tseada K.
n = 40
60.0
27.5
15.0
0.0
2 Oxen
Afdeyu
n = 16
100.0
0.0
0.0
0.0
Tseada K.
n=44
68.2
15.9
15.9
0.0
>2 Oxen
Afdeyu
n = 1
100.0
0.0
0.0
0.0
Tseada K.
n = l l
45.5
27.3
27.3
0.0
Questionnaire Appendix 2a
APPENDIX 2: QUESTIONNAIRE
0. Village
1. Is the head of the household?
1) male
2) female
2. How many within your household are able to work?_
3. And how many are not able to work?
1) no. of children
2) no. of old people
3) no. of disabled
4. In your household do you have any income which does not originate from agriculture?
Please list according to importance.
1) trade
2) sale of beer
3) construction work
4) bee keeping
5) cash/food for work
6) shoe making
7) tailoring
8) other, please specify
9) we do not have any income that doesn't originate from agriculture
5. Fine! We will now continue with question related to agriculture. How many "tsemdi" do
you have?
1) "tsemdi" in the highland 2) "tsemdi" in the lowland
6. Where does your land plots lie ?
1) all of it on flat land
2) most of it on flat land
3) half on flat land and half on hill-side
4) most of it on hill-side
5) all of it on hill-side
Questionnaire Appendix 2a
7. For how many year do you leave your field fallow and for how many years do you
cultivate it consecutively?
1) no. of years fallow
2) no of years continuos cultivation
8. Try to remember 15-20 years back, was the period you left your land fallow
1) longer than today
2) almost the same as today
3) shorter than today
4) or didn't you cultivate at that time
9. Which crops do you grow for subsistence? Please list according to importance. Giving 1
point to the most important, the second most important 2 points etc.
l)taff 8) lentils
2) barley 9) onions
3) sorghum 10) tomatoes
4) maize 11) cabbage
5) millet 12) peppers
6) potatoes 13) fruits
7) beans 14) other, please specify
10. Which crops do you grow to sell ? Please list according to importance. Giving 1 point
to the most important, the second most important 2 points etc.
l)taff 8) lentils
2) barley 9) onions
3) sorghum 10) tomatoes
4) maize 11) cabbage
5) millet 12) peppers
6) potatoes 13) fruits
7) beans 14) other, please specify
11. Do you sell the amount of crops you want to sell?
1) yes (go to question 13)
2) no (go to question 12)
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12. If your answered "no" to the pervious question, for what reason(s)?
1) lack of storage facilities
2) lack of transportation
3) low prices when selling
4) other, please specify
13. Who administrates the money you get for the crops your household sell?
l)men
2) women
3) in common
14. Do you do anything to improve the fertility of your fields? Please list according to
importance. Giving 1 point to the most important, the second most important 2 points etc.
1) we use cattle manure
2) burn off stalks on the land
3) leave the field fallow
4) cultivate legumes
5) by using chemical fertilizer
6) intercropping
7) use crop-rotation
8) other, please specify
15. What kind of agricultural input do you use? Please list according to importance. Giving
1 point to the most important, the second most important 2 points etc.
1) improved seeds
2) veterinary service
3) extension service
4) pesticides
5) herbicides
6) chemical fertilizer
7) other, please specify
16. How many kilos of chemical fertilizer do you use in your field per year?
17. Do you have access to the following credit services?
1. formal loan (bank, farmers credit association etc.)
2. informal/private loan
Questionnaire Appendix 2a
18. How many livestock/poultry do you have?
1) oxen (if 0 or 1 go to question 20)
2) cows
3) donkeys/mules
4) sheep
5) goats
6) chickens
7) calves
8) horses
9) other, please specify
19. If 0 or 1 oxen - how do you obtain oxen?
1) by using my own
2) by hiring
3) payment out of share crop
4) borrowing from relatives/neighbors
5) cultivate by hand
6) other means, please specify
20. How do you feed your livestock?
1) do they graze freely
2) do you have zero grazing
3) other means, please specify
21. Good we will now turn to questions concerning the environment. What is the main
source of fuel for cooking and other domestic purposes. Please list according to
importance. Giving 1 point to the most important, the second most important 2 points etc.
1) wood
2) charcoal
3) dung/manure
4) "nafta" (kerosene)
5) other, please specify
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22. How far is it to where you collect fuelwood?
1)0-5 km
2) 5-10 km
3) over 10 km
4) I buy fuelwood
5) other
23. How many gudgudos does your household use per day?.
and how many per week
24. Has there been any change in the availability of your fuel sources?
1) increasing availability
2) decreasing availability
25. If there is declining of fuelwood, how do you think the shortage of fuel can be solved?
1) by planting trees
2) by buying nafta (petroleum)
3) by using electricity
4) other, please specify
26. Is land degradation a problem within your area?
Dyes
2) no
3) I don't know
27. If yes, what is the extend of the problem?
1) it has reached an extremely dangerous stage.
2) it has reached a dangerous stage
3) it is a minor problem
4) I don't know
28. According to you perception, what are the causes behind land degradation? List
according to importance. Giving 1 point to the most important, the second most important
2 points etc.
1) over cultivation
2) lack of manure
3) failure to practice crop rotation
4) failure to use mulching system
Questionnaire Appendix 2a
5) cutting of trees
6) large size of livestock/overgrazing
7) lack of rain
8) other, please specify
29. Is the rate of land degradation?
1) increasing
2) no change
3) decreasing
4) I don't know
30. According to you what are the consequences of the problem of land degradation?
1) agricultural yield is decreasing
2) the community is getting poorer
3) famine
4) emigration
5) all of the above
6) other, please specify
31. Is water erosion a problem on your fields?
1) yes (go to 32) 2) no (go to 33)
32. If your answer is yes, to what extent is your field eroded?
1) extremely eroded
2) eroded
3) moderate
4) insignificant
33. What do you do yourself do to control erosion on your fields? Please list according to
importance.
1) plant tree
2) terraces
3) divert erosion
4) I do nothing
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34. If you do not do anything: why? Is it because you lack of
1) money yes no
2) capacity (labor) yes no
3) time yes no
4) other, specify
35. Have you participated in any conservation activities implemented by MOA? Please
indicate which ones
1) by building terraces
2) by building trilages \
3) by diverting erosion using stone
4) by planting trees
5) by building micro-dams
6) other, specify
36. If yes, indicate the level of activity in which you have participated
1) planning
2) implementation
3) monitoring
4) labor (food for work/cash for work)
37. Indicate the number of days you which spent last year doing conservation activities for
MOA:
1)0-10 days
2) 10-20 days
3) 20-30 days
4) more than 30 days
38. What measures were used to obtain the peoples participation?
1) food for work/cash for work
2) persuasion
3) coercion
4) both
5) I don't know
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39. How do you evaluate the level of participation of the people in MOA's conservation
activities?
1) maximum
2) average
3) minimum
4) I don't know
40. How do you evaluate the results of MOA's conservation activities?
1) highly effective
2) somewhat effective
3) ineffective
4) I don't know
41. According to you what are the factors that limit effective participation by people in
these activities?
1) other responsibilities/duties to look after
2) lack of interest
3) too laborious/toilsome
4) too low payment
5) other, specify
42. And what do you think contributes to the success of such conservation activities?
1) payment in cash in stead of in food
2) adequate education
3) awareness of the benefits
4) concrete results/effect
5) other, specify
43. That is very good! We have now come to the final question. Please name the three
most important problems related to your agricultural production?
1.
2.
3.
44. Before ending off, is there anything you would like to add that you might think is
important or any anything you would like to
ask?
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3) V-fc
4) N-fixing hi^-d
5) rtV
6) Intercropping/HCfc.
7)tlCK
8) »»A^ -7AX*
15.
1) Wl'htf! ttCK
2)
3)
4) pesticides/Jte-HAd
5) herbicides/R<i-
6) AV '^o0*?®*^ fertiliz
7)
16. >»-fl *J«»;h hT^JR h.ft-
17. A ^ A "J^A^A d^-A
2) nztDive "yA^ h-n
3)
Questionnaire in Tigriena ^"**)i^"?' Appendix 2b
22.
"yA/livestock
l) h-no-c
2)
3)
4)
5)
6)
7)
8)
9)
10)
19.
1)
2)
3) 1A J?4-A *W1
4)
5)
6)
20.
1) >i-fl 'hQC -MTV
2)
3 ) *lA?»r •7A3T
21.
1)
2)
3) h-H
4)
5)
1) 0-5 km
2) 5-10 km
3) *M! 10 km 'MdA.
4)
5)
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23. •ni9°P9° h?£J& Jl-P hit
24. b'iSEL&'t; <D&
2)
2)
3)
4)
26. A-Q hnfl"*i «ft* y°«**i^ <w»<J,^ - (land degradation)* Jh-m* h-t
1)
2)
3) -toAfn f-flAJS7
27.
1) A-n -fl^d*^ lfrt«7^ !>*;*•* JBCh-fl
2) ^-fl HA«7*
3)
4) ^^ft-m P-OAJ&?
28. fiy°S-^ »i h&ft ffftf* Kit 9°£:*ifi> 0*4.* half*! MP&Z a>£ hflJ&
5 hh9° hi^fft-f-90 tic-Hen
1) *M1 «w»m? "WdA. ^tlai.'JrC? V-fc
2)
3) *<l-fc ^iM-T h ^ - t 7-Q\ V-f-JP MCA.
AAHJB7+.PJ&C '
4) »l-fl
5)
AA-NflA*}
6) T ^ ^ ^ T hVT-hjaTf TM-n-na Az ^ ^ ^ AAHPA-
7) 9*1 TfT-fl
8)
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29.
30. 'ft£r;
31.^-3
32 hJ-i
*•?$
33. *£7
hi-
1) 1^ -fl
h£*i »»Aft.**i i
HM-f-90 ttCHC
2) M^/terrace «fl!
3) V'-fc
4 ) «P4
5) com
6) *lA7i
3 4 . <w^
VAZt*tt
:our •ft9°A\&*i\
1) i7M-fl
2) «*•$"£
3) ZH,
4) *|AX »'
2) Am.m, .
3) t>*lt\
1) {^uc-fc
2) >»-n hor
3) T^l1^
4) A^^
5) h-A-
6) *1AA: 1
\\WCfh9° fil
1 ) ?»(D
1) -f!'Ild'^
2) •fltf-A'fc
3) ^w,y^
4 ) •^CT-J'1'
ATiA Ki^l
1 h&
7AK
f«flA^7
IT -H^OT
fAX*
HA5° > i ^
1) hat
1) AID
1) h(D
1) ?i©
1) hw
^ 7 - t >iJB^
1) AID
1) hat
1) ACD
2 ) >»J&hV7
2 ) >»^hV7
2)AJ&fr>">
2)^je-hV?
2) *i^hV7
2) Ai^hV?
Questionnaire in Tigrigna **a*hJ"}' Appendix 2b
35
36.
2) v-t
3)
40.
1)
2)
4) h9° hit
5)
4) 'Wy^a% •t'^-ki. (cash for work/food for work)
37.
1) 0-10
2) 10-20
3) 20-30
4) AdA. 30
38. vita.
1) 17IMI X*M-^ >» -KfiAA-
2)
3)
4) -ttVCfKl -fl9°7*£: ©JB «fe. 1)7 * . 2)
5) "
39.
1)
2)
3)
4)
1)
2) ^/h7 TlTH
3)
4)
5)
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APPENDIX 3 DUNG ANALYSIS - METHODS AND RESULTS
1 Total nitrogen content of animal dung
The Kjeldahl-method was used to quantify the total nitrogen composition of the animal
dung {gudgudos) This method frees the nitrogen which is bound to the organic matter by
boiling the animal dung with concentrated sulfuric acid to and which a catalysis of CuSQ,
added to increase the boiling point. Hereby, the material is changed into nitrogen NH/
which by adding NaOH was distilled and quantified by titration.
12 Chemicals used to carry out the quantification
Concentrated sulfuric acid (H2SO4)
Concentrated sodiumhydroxid (33%)
Cuprisuphat, (5H2O)
Potassium sulfate (K2SO)
Sulfuric acid (HC1), 0.100 M
Natriumhydroxid (NaOH), 0.100M
Methylorange, 0.1 %
1.3 Execution of the analysis
Initially, 0.5 g of the animal dung was weighted on analytical weight and it was poured to a
Kjeldahl-tube to which 1 g of CuSO< and 10 g of K..SO, was added. After that 20 ml of
concentrated H2SO, was added from a burette. Afterwards, the tubes were heated slowly
until the creation of foam ceased. After the creation of foam ceased, the temperature was
them risen while the tubes' top is covered. The boiling process proceeded for about three
hours until every dark material disappeared.
After the boiling process was completed, the tubes were set aside to cool down to a room
temperature. Meanwhile the molarity of 0.05 M NaOH was determined by adding 10.00 ml
of 0.100 M Hcl from a burette to a conic bottle. After adding 4 drops of indicator into 0.05
M NaOH, the determination was carried out by titration i.e. until the was a change of color
from purple blue to bright green.
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Before every sample was put in the distillation apparatus, 10.00 ml 0.0100 M of HC1 was
tapped from a burette to a conic bottle in which 10.00 ml of water was added and then the
bottle was placed in the apparatus. After a short while in this distillation apparatus, 4 drops
of the indicator was added to every sample and the remaining HC1 was titrated until the
color changed into (purple blue) in order to determine molaritVi For every set of samples,
in this case animal dung samples collected from Afdeyu and Tseada Kristan, a blank test
was carried out.
Based on the weight of the sample, the amount of 0.100 M HC1 added in the mixture and
the amount of NaHO titrated the total % N in the samples was calculated. The calculation
using sample 5A as an example was carried out as follows:
% Total N = ( 1 - (titrated NaOH (ml) * 1/ average of blank titrationY) * N (atomic weight)* 100
Amount of sample * 1.000 ml
% TOTAL N = (1 -fl 1.99^*0.0504)* 14.00 * 100= 1.115A
0.50005A* 1.000
Using the same procedure, the mean total N% and the standard deviation for all animal
dung collected from both villages has been calculated. The results can be found in tables 2
and 3 below.
2 Phosphorous composition of animal dung
The analysis which this study has used to determine the amount of P is called
spectrophotometric. This method is based on the phenomenon that phosphorous in small
portion creates a yellow compound when mixed with ammoniummolybat in sulfuric acid
or hydrochloric acid medium. This compound can be reduced partially by applying
reducing reagents such as ascorbic acid that changes the color from light to dark blue
depending on the concentration of phosphorous within certain limits.
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2.1 Execution of the analysis
For each 15 samples double determination was done. 30 crucibles were marked A and B.
These crucibles were weighted on analytic balance. About 0.5 g from each sample of
animal dung (gudgudo) was put in crucibles marked e.g. A and B.
Afterwards, the crucibles were placed in the oven for one hour at a temperature of 600°C in
order to burn all the organic material of the animal dung. The crucibles were then left for
an hour to cool down covered with a glass led in order to limit the samples from absorbing
moist which would lead to inaccurate weight measurements. The ash of the samples were
weighted and put in the oven for the second time for an hour. Again the samples were put
in the glass tube to cool down for an hour and weighted. The second weight of the ash of
each sample was compared with the first weight. If there was a considerable difference
between the first and the second weight, the process had to be carried out until the weight
of each sample was the same with the previous one.
Following this, the samples were placed in a fume clapboard. To each sample of ash 10 ml
of 2 M HC1 was added while the crucibles were placed in heating apparatus called sand
bath and which was slightly boiled the mixture and dissolved it. The mixtures was then
poured into 100 ml measuring flasks quantitatively to which water was add and mixed
thoroughly.
From these 100 ml samples of "dissolved ash" 5 ml was taken and poured in a 100 ml of
measuring flask to which about 65 ml of water and 15 ml of P-reagent was added. Finally
25 ml of water was added the mixture - so that every mixture now equaled 100 ml. Every
sample was mixed as such and was made ready the final test.
2.2 Preparing P-standards for calibration
In 6 measuring flask of 100 ml Phosphorous standards were prepared:
0 0.05 0.10 0.20 0.30 0.40 0.60 0.80 l.OOmgPdm"3
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To each standard 2 ml of 2 M HCl, app. 65 ml of water and 15 ml of Phosphorous reagent
was added. After this procedure, the standards were set aside for about 30 min until the
mixture had reacted and turned blue proportionally with the amount of phosphorous added.
The absorbency of the standards was measured by atom absorbent apparatus using 890 nm.
The absorbency of the standards is shown in table 1 and based on this table a graph of
straight line was depicted (see figure 1) from which the phosphorous composition of the
samples was derived.
In order to calculate the concentration of the samples, the equation for figure 1 was used.
Using the atom absorbent apparatus, the absorbency of all of the samples was displayed as
shown in table 1 for x and Y. from which the concentration of all the samples was
calculated using the equation:
Y= 0.7134 X which means Absorbency = 0.7134 Concentration and thereby isolating the X value
or concentration as such Y = Absorbency = Concentration
0.7134 0.7134
Example using sample 5A from Tseada Kristan.: 0.321
 i: = 0.452 ppm P/ dm3
0.7134
This concentration was used to calculate the amount of P in the animal dung as follows:
Cone. * 100 * 100 ppm* 1000 ml =4.518g/1000g dry animal dung.
1000 ml* 2.00 M* 0.4996 g5A
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Table 1 The absorbency of the standards according to their concentration using 890 nm.
1
2
3
4
5
6
7
8
9
0.000
0.050
0.100
0.200
0.300
0.400
0.600
0.800
1.000
0.000
0.034
0.077
0.142
0.213
0.281
0.423
0.571
0.718
Figure L The correlation between the concentration of the standards and the atom
absorbency.
Absorbtion: nm
0.800
0.7 0.8 0.9 1.0
Concentration: ppm P/dm
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•HHflHHHHHl
1 0.211
2
3
4
5
6
7
8
9
10
11
12
13
14
15
0.334
0.599
0.671
0.321
0.205
0.266
0.916
0.808
0.837
0.356
0.372
0.437
0.472
0.298
Error
Error
0.805
0.433
0.555
0.385
Error
0.675
0.798
0.821
0.788
0.361
0.332
0.458
0.398
^amtratiAfffifji
0.297
0.470
0.844
0.945
0.452
0.289
0.375
1.290
1.138
1.179
0.501
0.524
0.615
0.665
0.420
Error
Error
1.134
0.610
0.782
0.542
Error
0.951
1.124
1.156
1.110
0.508
0.468
0.645
0.561
!Hfflg|ffif||f
Error
Error
8.440
9.449
4.518
2.891
Error
12.901
11.392
11.994
4.211
5.239
6.150
6.659
4.187
Error
Error
11.356
6.095
7.823
5.426
Error
9.509
11.248
11.503
11.101
5.081
4.675
6.448
16.819
Phosphorous P (%) composition of animal dung samples from Tseada Kristan
Mean phosphorous composition of samples A & B = 7.7g i.e. 0.77% P
Standard deviation = 3.48 g
Standard error of the mean = 8.0 ± 0.683
Coefficient of variance = 8.5%
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Samples
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
ABSORBSSIONA:nm
0.183
0.178
0.233
0.273
0.248
0.236
0.217
0.341
0.253
0.279
0.335
0.252
0.234
0.229
0.242
ABSORBSSIONB:nm
0.177
0.177
0.159
0.193
0.178
0.168
0.159
0.271
0.212
0.206
0.145
0.175
0.161
0.146
0.169
Concentration A:
' ~ ppm/dih3
0.257
0.250
0.206
0.248
0.222
0.208
0.188
0.322
0.277
0.255
0.316
0.226
0.270
0.201
0.215
Concentration B:
pptn/dm3
0.249
0.249
0.223
0.271
0.250
0.236
0.223
0.380
0.298
0.289
0.200
0.242
0.222
0.202
0.234
P amount In samples
A;g
2.557
2.485
2.062
2.479
2.236
2.070
1.723
3.248
2.767
2.553
3.157
2.265
2.682
2.024
2.145
P amount In samples
Bsa
2.490
2.488
2.232
2.712
2.501
2.359
2.230
3.730
2.981
2.891
2.002
2.420
2.223
2.023
2.339
Phosphorous P (%) composition of animal dung samples from Afdeyu
Mean phosphorous composition of samples A & B = 2.47g i.e. 0.25 % P
Standard deviation = 0.424
Standard error of the mean = 2.5 ± 0.077
Coefficient of variance = 3.1 %
Dung analysis -Results Appendix 3b
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
0.5005
0.5008
0.5007
0.5006
0.5000
0.5006
0.5006
0.5007
0.5007
0.5003
0.5005
0.5007
0.5001
0.5002
0.5001
Table 2. Total Nl
0.5004
0.5008
0.5001
0.4999
0.5006
0.5006
0.5004
0.5003
0.5006
0.5002
0.5001
0.5003
0.4997
0.4999
0.5000
'%) composition of animal dung samples from Afdeyu.
12.70
11.12
12.10
11.15
11.99
11.83
11.99
10.05
10.89
12.79
13.01
9.99
12.20
11.81
11.12
12.20
11,11
12.11
11.01
12.25
12.05
12.31
9.14
11.08
13.02
13.74
9.38
10.38
11.74
10.90
AmountofA:N%!g||
1.01
1.23
1.09
1.23
1.11
1.13
1.11
1.38
1.26
0.99
0.96
1.39
1.08
1.13
1.23
Amount O C » : N % ; ,
1.08
1.23
1.09
1.25
1.07
1.10
1.06
1.51
1.23
0.96
0.86
1.48
1.34
1.14
1.26
Blank teitejg^g!,-
20.18
19.85
19.70
19.85
19.85
19.84
Mean amount of total N% = 1.17
Standard deviation = 0.152
Standard error of the mean = 1.17 ± 0.028
Coefficient of variance = 2.4 %
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1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
0.4997
0.5004
0.5003
0.5005
0.5005
0.5000
0.4999
0.5001
0.5000
0.5007
0.5004
0.5006
0.5006
0.5004
0.5001
0.5001
0.5001
0.5000
0.5003
0.5002
0.5002
0.5001
0.5003
0.5007
0.5006
0.5002
0.5001
0.5000
0.5002
0.5006
Table 3. Total N
11.34
9.72
8.71
8.48
5.10
10.49
6.87
8.61
6.74
4.55
4.90
8.88
6.26
7.07
10.76
(%) content of animal dung
1
10.4
9.37
8.91
8.69
5.90
10.66
6.91
8.77
6.71
5.37
5.95
6.77
5.55
9.07
11.01
mm
samt
m
1.20
1.43
1.57
1.60
2.08
1.32
1.83
1.58
1.85
2.15
2.11
1.55
1.91
1.80
1.28
)les from
Hi
i Tseada K.
1.33
1.48
1.54
1.57
1.97
1.30
1.82
1.56
1.85
2.04
1.96
1.84
2.02
1.52
1.24
19.85
20.02
20.91
19.85
19.28
19.21
19.85
Mean amount of total N = 1.68%
Standard deviation = 0.29
Standard error of the mean = 1.68 ± 0.052
Coefficient of variance = 3.1 %
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Table 4. Phosphorous P (%) content of animal dung samples from Afdeyu
Samples
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
Crucible A
39.8844
30.1195
40.4847
38.0104
31.4555
31.6562
36.4945
36.6421
36.4497
39.6842
32.2172
36.4300
32.5457
40.2723
34.7268
Crucible B
36.5337
38.3278
27.5531
33.1025
32.7905
37.2599
38.2278
37.4497
32.5900
39.6243
33.3334
31.7603
36.5103
34.1072
35.4272
CRUCIBLE M.PR0 VE A
40.3818
30.6164
40.9851
38.5102
31.9592
32.1537
36.9527
37.1464
36.9491
40.1847
32.7167
36.9312
33.0424
40.7759
35.2257
CRUCIBLE M.PR0VE B
37.0337
38.8274
28.0535
33.6028
33.2907
37.7597
38.7277
37.9405
33.0901
40.1244
33.8340
32.2604
37.0110
34.6079
35.9269
ASH As ing
0.4974
0.4969
0.5004
0.4998
0.5037
0.4975
0.4582
0.5043
0.4994
0.5005
0.4995
0.5012
0.4967
0.5036
0.4989
ASH B; ing
0.5000
0.4996
0.5004
0.5003
0.5002
0.4998
0.4999
0.4908
0.5001
0.5001
0.5006
0.5001
0.5007
0.5007
0.4997
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Table 5. Phosphorous P (%) composition of animal dung samples from Tseada Kristan
Samples
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
Crucible A: R
33.1007
33.3316
40.2709
36.6399
39.8819
37.4481
37.2577
36.4484
39.683
32.545
40.4822
34.1059
31.7587
36.5321
31.4557
Crucible B: g
34.7270
36.4289
36.5090
27.5515
39.6222
38.3260
38.0032
32.5892
30.1182
31.6553
35.4265
36.4953
38.2256
32.7893
31.2161
Crucible with samples A: g
33.6000
33.8320
40.7711
37.1398
40.3815
37.9487
37.9576
36.9484
40.1835
33.0537
40.9021
34.6059
32.2583
37.0329
31.9545
Crucible with samples B: g
35.2269
36.9284
37.0098
28.0512
40.1226
38.8263
38.5041
33.0893
30.6186
32.1527
35.9266
36.9950
38.7255
33.2891
32.7163
Sample A: g
0.4993
0.5004
0.5002
0.4999
0.4996
0.5006
0.6999
0.5000
0.5005
0.5087
0.4199
0.5000
0.4996
0.5008
0.4988
Sample B:g
Error
Error
0.5008
0.4997
0.5004
0.5003
Error
0.5001
0.5004
0.4974
0.5001
0.4997
0.4999
0.4998
1.5002
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Table 6. Nutrient composition of manure at some selected sites in sub-Saharan Africa in comparison to study sites
Lbcaioiiind type of manure
Sana, Burkina Faso
farm yard manure
Northern Burkina Faso
Dry cattle manure
Senegal
Dry cattle manure
Nigeria
Dry cattle manure, wet season
Dry cattle manure, dry season
Survey at the study areas, dry cattle manure
Afdeyu
Tseada K.
Nutrient composition (%)
N
1.5-2.5
1.28
0.89
3.2
1.6
1.17
1.68
P
0.09-0.11
0.11
0.13
0.77
0.24
0.25
0.77
Source: (Pichot et al. (1981); Quilfen and Milleville(1983); Landais and Lhoste (1993); Powell (unpublished data) cited by Williams et al. 1995:395; Leeuw et al.
1995:374).
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APPENDIX 4: LIST OF GROUP INTERVIEW PARTICIPANTS
Tseada Kristan
I Kheshi Tombossa W/Mikael
• Kheshi Mehteteab Kifle
lAtoKiffieHaile
\ Ato Tesfatseyon Ljam
• Ato Belay Embay
t Ato Welday Hagos
t Ato Jerom Telay
\ Ato Tesfaledet G/yesus
t Wezero Hagosa Habtetsen
I Wezero Elssa Tekle Medhen
f Wezero Abrehet Yohanes
\ Wezero Etiopia Seyum
- Village administrator and priest
- Farmer & secretary and priest
-Farmer
-Fanner
- Farmer
- Fanner & former secretary of village administration
-Farmer
-Farmer
- Farm housewife and member of women association
- Farm housewife and member of women association
- Farm housewife and member of women association
- Farm housewife and member of women association
Afdeyu
None available
None available
None available
None available
None available
None available
None available
None available
- Farmer
-Fanner
-Farmer
-Farmer
-Farmer
- Farm housewife and member of women association
- Farm housewife and member of women association
- Farm housewife and member of women association
Ato Semere
Ato Daniel
-Observers and staff at the Afdeyu research station
-Observers and staff at the Afdeyu research station
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APPENDIX 5: DIVISION OF LABOR IN RELATION TO GENDER
AND AGE
Activities
Plowing
Sowing
Weeding
Harvesting
Treshing
Harrowing
Herding
Fuelwood collection
Water fetching
Dung collection
Terracing
Adults
Men Women
+
+ +
+ +
+ +
+ +
+ +
+
+
+
+ +
Children
Boys Girls
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+
Source: fieldwork 1997
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APPENDIX 6: CORRELATION BETWEEN HOUSEHOLDS' ACCESS
TO LABOR AND OXEN OWNERSHIP
Afdeyu
Number of household members
5 -
y=O.9375x + 2,2188
Ff =0,9486
0,341x +1,1066
Ff = 0,9087
0 0,5 1 1,5
No. of oxen
— — — Household members fit to work
- - - - Household members not able to work
2,5
Number of household members
y=0,3153x + 1,6472
R** 0,8467
0,4071
0,5 1 1,5 2,5
No. of oxen
3,5 4,5
Household members fit to work
Household members not able to work
Tseada Kristan
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APPENDIX 7: CORRELATION BETWEEN HOUSEHOLDS'
LANDHOLDING AND OXEN OWNERSHIP
N um ber of OXBI
3 -
3 -
2 -
2 -
1 -
1 -
n _
0,
• £ —
00 0,20 0,40
Afdeyu
A A A
0,60 0,80
Landholding size
— •—
1,00
y = 0,9364x -
R 2 = 0,1
'
•
1,20
i- 0,5392
143
1, 40
Tseada Kristan
Numberofoxsn y = 0,5996x+ 0,5777R2 = 0,1036
1,00 2,00 3,00 4,00
Landholding size
5,00 6,00
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APPENDIX 8: MEAN DRY MATTER WEIGHT OF GUDGUDOS
Samples
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
Mean
Gudgudos from Afdeyu: g
335.79
482.92
457.79
366.35
346.43
411.11
333.41
311.81
370.63
349.54
406.55
400.78
473.71
364.82
478.16
392.66 ±15.0
Gudgudos from Tseada Kristan: g
374.66
706.64
609.73
376.59
518.84
384.80
469.00
540.92
783.84
391.01
469.02
597.16
524.55
NA
NA
518.98 ± 36.0
NA = none available Source: Fieldwork 1997
